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VEST INDIAN MADREPORARIAN DOLVI’S. 


By J. E. Dukkdkn. 


INTRODUCTION, 

The insufficiency of our knowledge of the morphology of tin* soft parts of the Madreporarian 
corals lias been commented upon by nearly all writers on the Anthozoa. Such a want at first 
seems remarkable, when we consider for how long and how fully tin* hard parts have been known, 
both to the zoologist and the paleontologist, and also the great abundance and wide distribution 
of living corals. When, however, the geographical limitations of the greater number of recent 
corals are taken into account, the difficulty of fully observing the polyps when alive, and more 
especially of preserving them and of carrying out their anatomical study, the deficiency can be 
in some measure understood. The investigations of a number of workers have already afforded 
an insight into the general structure of Madreporarian polyps, especially of the simple forms; 
but these are as yet insufficient to enable relationships of a broad systematic character to be 
established. Practically all that has been achieved along such lines is the demonstration that 
coral polyps are constructed on the same plan as the polyps of the principal group of the 
Aetiniaria, the Ilexaetinkv; in other words, that the mesenteries and other organs are arranged 
in a cyclical hexamerous manner. 

Many writers have contributed descriptions and figures of living coral polyps; yet so few 
differences are determinable from external characters alone that Madreporarian morphology has 
been but little advanced thereby. For admirable reproductions of the external characters of living 
corals the works of Quoy and Gaimard (1*30), Dana (LS4<>), Klunzinger (1877), and the elab¬ 
orate work of Saville Kent (1*03), The Great Barrier Reef of Australia, should be consulted. In 
a recent contribution Prof. II. do Lacaze-Duthicrs (1807) has presented a very full account of 
the corals met with in the Mediterranean, and the drawings of the living polyps are among the 
finest we possess. Undoubtedly the best illustrations of West Indian shallow-water corals, mainly 
limited, however, to the skeleton, are those accompanying the Report on the Florida Reefs, by 
Louis Agassiz (1**0). In “The Stony Corals of the Porto Rican Waters/" Mr. Vaughan has 
given thirty-eight photographic reproductions of the more familiar West Indian species (19ol</), 
followed shortly by a more complete series from Prof. A. E. Verrill (IDOL). 

Of the older writers on coral structure, Milne Edw ards and Haime (1857), in their classic 
“Histoire Xaturelle des Coralliaires/' have given all that was then possible with the limited means 
of research available. It is only within the last two decades that any serious attempt has been 
made to advance our knowledge of the anatomical structure of Madreporarian polyps. The late 
Prof. II. X. Moseley, in 1**3, proved that **V natnporn and PodUopnra are true Madreporarian* 
and in his “Challenger” Report on the Deep-Sea Madreporaria made many other additions to the 
morphology of the group (188L). 

"Prof. A. E. Verrill (1800, p. 518), from descriptions and drawings of Porillopom, had come to the same conclu¬ 
sions as early as 1867. 
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In the papers “Die Gattung Cladocora" (1881) and w ‘KorallenstudieiW (lxxfi, 1801). Prof. 
A. R. von I lei der lias described in detail the anatomy and tin* relationships of the polyps to the eoral- 
lum in two species of Cladocora * and Astroulu s calyndari* v, DrndrophylUa ra/nca* and J [admcis 
idutn a*!#. The work of von Heider is especially noteworthy on account of his contention that the 
skeleton of corals is derived from an actual calcification of the ectodermal cells or ealieoblasts. 

Dr. G. 11. Fowler, in a series of live papers, “The Anatomy of the Madreporaria." appearing 
in the: Quarterly /Journal of Microscopical Science, from 1885 to 1830, has described in greater or 
less detail the soft parts of a larger number of corals than any other student of the group, and has 
brought together many important details of coral .structure. In the introduction to his first paper 
Fowler gives a review of the little that was then known of the anatomy of the Madreporaria. 

Prof. G. C. Bourne, in two papers, also published in the Quarterly Journal of Microscopical 
Science (1887), describes at some length the anatomy of the corals, Fanyhu J/e.y.s-e, and Eaphyllui. 
In 1803 Bourne gave a detailed description of the postenibryonic development of Fanyia , founded 
on material collected by Prof. A. C. lladdon, while in 1800 he published a masterly account of 
the nature and origin of the skeleton in the Anthozoa, dealing particularly with the Madrepora- 
rian skeleton and the ealicoblastie layer. Bourne has also contributed the article “Anthozoa” 
to Prof. Rav LankesteFs Treatise on Zoology (10oo), wherein lie gives a clear account of many 
of the structural details of the Madreporaria. 

W. L. Sclater, in 1880, contributed an anatomical description of Stcphanot roclnt -v inoselryanus , 
and J. Stanlev Gardiner (1300) has given a detailed account of the “Anatomy of a supposed new 
species of ( \cnoj>samntia from Lifu;” Miss Edith M. Pratt (1000) has described the anatomy of 
AfroJolia porctllana (Moseley). 

Prof. G. von Koch, in a large series of papers, extending from 1877 to the present day, has 
probably done more than any other worker toward elucidating the problems of Madreporarian 
morphologv, on the correct lines of embryology and the relations of the hard and soft parts as 
revealed by microscopic sections. 

Prof. 11. do Lacaze-Dnthiers, in 1872-73, made two valuable embryological contributions, 
Developpemcnt des Coralliaires,” and records the results of the tirst attempts to rear coral larva* 
to the skeleton-hearing stage, while his figure of the anatomical relations of the soft and hard 
parts of Astroldis re.dycalari .y has been copied into many of the text-books of zoology. Two 
recent publications of Lacaze-Dnthiers (183-1, 1837) contaiu descriptions of a number of early 
stages in the development of several coral species. 

Prof. 11. V. Wilson (1888) has carried out a very complete study of the embryology and larval 
stages of Alan idwt areolata, as far as the stage at which the skeleton was about to appear: Prof. 
A. G. lladdon (1X30) has also published notes on the newly hatched larva of Fuphyllia. 

In all probability the polyps of not more than fifty species of corals have been anatomically 
studied, and then often incompletely, owing to the insufficiency of well-preserved material. It 
must be acknowledged, that in so far as the results throw light upon the important question of 
the natural relations of the various groups of corals, they are disappointing, especially when the 
great amount of labor involved in conducting the investigations is taken into account. Similar 
anatomical researches carried out on the allied group of the Aetiniaria, by workers such as the 
brothers Hertwig, lladdon, MeMurrich, Carlgren, and many others, have resulted in placing 
our knowledge of these forms upon a fairly satisfactory morphological basis. No doubt it will 
yet be possible to accomplish the same for the Madreporaria, as the polyps of more species, 
especially reef-builders, become fully known. 

A residence in Jamaica, in the neighborhood of coral reefs, has allorded me the opportunity of 
studying, within the past two or three years, the \\ est Indian shallow-water corals in their living 
condition, and of preserving them for subsequent examination. And in this connection I desire to 
record my appreciation of the liberal action of the Board of (ioveruors of the Institute of Jamaica 
in enabling me to carry out such researches, purely scientific in their nature. 

In the shallow waters of Kingston Harbor, Jamaica, occur free colonies of the following species 
of corals: I\>rit<s dirarirnta^ Alunicimt arrolata , Sidrra-dnva radian **. Cladocora arhnscida , Solm- 
astnm hyadcs , and Oco/ina difftmt. Any of these can he easily kept in aquaria in a laboratory, 
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for weeks or months at :i time, by simply renewing the fresh-water lost by evaporation. The 
funetional activity of numerous symbiotic unicellular ulgie {/jumiuthrllii)* present in the eiulo- 
dcrinal tissues of each species, is sutlieient to maintain the water in a tit state of aeration and purity. 

For typical reef-building corals, such as species of Mad /•< porn , /b/v’/V.\\ JAw/W/v/w, and Orb!- 
dUtt. the most convenient collecting spots are among the small croup of coral islands, termed 
'* Cays/' beyond Kingston Harbor and Port Royal. From the reefs surrounding these over twenty 
further species are to be obtained, and other localities around the. island yield practically the same 
forms: also at certain places in Kingston Harbor reef-building corals occur at accessible depths. 
As would be expected from the uniformity of climatic conditions, the Jamaican corals are such as 
are generally distributed throughout the entire West Indian region." 

All the' species here studied have been examined in their living condition, and usually from an 
abundance of material. In most cases the colonies were kept alive for some time within the labora¬ 
tory, so that the varying aspects of the' polyps during* expansion and retraction eould be observed. 
Much indeed of the character e)f the polyps is to be obtained in this way, which is impossible from 
retracted preserved polyps. 

Most of the material foi* anatomical study was preserved with the polyps narcotized in a 
partly expanded condition, in order to render possible a better study of the relationships of the 
various organs and of the skeleton. \\ hen killed otherwise the polyps shrink deeply within the 
ealiee. the stomodreum becomes flattened by resting upon the central portions of the skeleton, and 
the arrangement of the mesenteries, etc., can be ascertained only with difficulty. For narcotiza¬ 
tion I have employed either magnesium sulphate or menthol, and both methods give satisfactory 
results. The use of menthol as a narcotic is very simple. It is merely necessary to sprinkle a 
few crystals on the surface of the water, when the reagent becomes slowly absorbed and gradu¬ 
ally anaesthetizes the polyps; pure formol is then added to the water in sufficient proportions to 
make a 5 per cent, solution, and the polyps usually undergo no further change. The polyps may 
retract and shrink slightly if the process of narcotization is incomplete, but never to the same 
extent as if preserved directly. Though very desirable for museum purposes, a poly]) expanded 
to its utmost oilers no advantages for anatomical and histological study. The tissues in this con¬ 
dition are so attenuated as not to permit of the characteristics, especially those of the musculature, 
being determined with the same facility as in only moderately expanded examples. Usually the 
polyps expand fully only at night, or when placed in the shade, and the process of narcoti¬ 
zation requires several hours. At night it was generally found convenient to add slowly the 
crystals of magnesium sulphate or menthol and allow them to act upon the polyps until morning, 
when the addition of formol brought about no retraction. 

The proper preservation of the soft tissues of the Madreporaria has always been a matter of 
some difficulty, but the employment of formol is found to be fairly satisfactory. 1 have adopted 
it as a 5 per cent, solution in either fresh or sea water. Especially is the reagent serviceable on 
account of its penetrative powers; in all eases the preservation of the internal tissues was equal 
to that of the external, the filiation being recognizable in most instances. There is an element of 
uncertainty, however, as to how long the histology will remain perfect in the formol solution 
alone. In some instances material which had remained in the original preservative fluid for 
five or six months has been found satisfactory for microscopic study, but in others a slight 
maceration has taken place. In this latter case the details of the anatomy and coarser histology 
can be still made out, but the more minute histology is imperfect. The possibility of maceration 
holds especially for forms like /VuvVr.v, which exude a large amount of mucus on preservation. 
To guard against such risks, 1 have found it necessary to transfer the specimens, shortly after 
preservation in formol. through tin* different grades of aleohol up to tM> per cent. Where material 
intended for histological research has to be kept for some time this is undoubtedly desirable. On 
the other hand, for museum purposes expanded coral polyps, anemones, and medusa^ have been 
kept in a solution of formol for several years without any obvious deterioration. 

«For lists these see the papers by Pourtales, Agassiz, Queleh, Duchassaingand Michelotti, Yerrill, Gregory, and 
Vaughan, referred to in the bibliography. The figures and references to corals in the old natural histories of Jamaica 
by Sir Hans Sloane 1 1707) and Dr. Patrick Drowne (1756) are well worthy of notice, as also those of Lesueur (1820). 
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An aqueous solution of corrosive sublimate or corrosive acetic has also been employed with 
great advantage, in that it fixes the tissues so completely that on decalcification there is little or 
no alteration in the relationships of the different organs. It is much superior to formol or alco¬ 
hol in this respect. Before commencing the decalcilieation of material which has been in alcohol 
or formol for some time, I have often found it advantageous to pass it through a solution of cor¬ 
rosive sublimate. 

Decalcilieation has generally been performed in a weak solution of hydrochloric or nitric acid, 
after the material has been thoroughly hardened. The acid is added drop by drop to a fragment 
of the coral still in the preservative fluid in sufficient quantities to maintain a slight effervescence. 
From one to two days are required for the docalcitiealion of small pieces of porous corals, such 
as }[uir<pont and Porlt c.s\ whereas the decalcilieation of dense coralla. like, those of Xidrnixtnm 
and Oeulina , occupies three or four days. Where it has been desirable to carry out the deealei- 
lication with special care, as in investigations of the ealicohlast layer and skeletal matrix, very 
weak solutions of acetic and chromic acids have been employed, and then the process requires a 
much longer period. When, as is usually the ease, perforating algal matter occurs within the 
skeleton, it is advisable to remove this from time to time, so as to keep a fresh calcareous surface 
exposed. 

If decalcilieation of properly lixed material be slowly carried out, there is little or no dis¬ 
turbance of the primary relationships of the soft parts. After a few attempts. I concluded that 
nothing was to be gained by making preparations of the hard and soft parts in such as are 

obtained by embedding fragments of a colony in canada balsam and then grinding down to micro¬ 
scopic thinness. All the figures of the sections are, so far as concerns the relationships of the 
soft and hard parts, actual reproductions of camera lueida drawings. The irregularity in outline 
of many of the septal invaginations can he understood when one considers how generally the 
septa are provided with spines or granules. 

Much of the work has been carried out while in Jamaica, and the remainder (luring the 
academical year lSlhMTOO, in Professor Brooks's biological laboratory at the Johns llopkins Uni¬ 
versity/' My thanks are due to Prof. W. lv. Brooks for many valuable suggestions and much 
kindly interest during my stay in Baltimore; also to Prof. A. C. Haddon, of the Koval College 
of Science, Ireland, and Prof. (I. B. lJowos, of the Koval College of Science, London, for much 
assistance and encouragement from time to time during the progress of the work. I am indebted 
to Rear Admiral (then Commodore) II. N. Henderson for generously affording me facilities for 
collecting in the waters around Port Koval and the Cays beyond. Mr. T. Wayhmd Vaughan, of 
the United States Geological Survey, has assisted me in the specific determinations. In his recent 
account of the fossil corals from Curacao (PJ01), and also of the stony corals of the Porto Rican 
waters, Mr. Vaughan (VMHn) has dealt with the difficult subject of the synonymy of West Indian 
corals. 

The paper is divided into two parts. The first is devoted to a more general description of 
the external characters and morphology of coral polyps, so far as the material available will 
permit, and the. second to a description of the external characters and internal anatomy of certain 
representative species. To the former a few notes on larva? and post larval development are 
added, which, although incomplete, assist in an understanding of the significance of many of the 
adult features. In a large measure, also, 1 have carried out comparisons with the better-known 
Aetiniaria. The polyps of the two groups are so closely alike that a knowledge of the characters 
in the one often assists in throwing light upon conditions in the other. In the second or system¬ 
atic part, I have ventured to indicate some of the broader lines of relationships among the Madre- 
pnraria, suggested by the new facts obtained, and have attempted for the first time generic 
diagnoses in terms of the polyp. It will he understood that when 4 generic characteristics are 
given they have reference only to the representatives here, studied. The isolation under which the 

a Sim e the presentation of the paper the studies have heen continued, and results of some importance obtained, 
which amplify certain of those here given, particularly those on growth by gemmation and fissiparity. They are 
referred to in foot-notes oil various pages. 
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work lias boon carried out, away from collodions of all Imt Wes! Indian corals, has rondo rod 
impossible a comparison with other species. 

A conn)loto knowledge of any coral form can bo obtained only from a full description of both 
the poly pill and skeletal parts, snob as has boon carried out in a few cases by Fowler, von lleider. 
Bourne, and Gardiner. But in the present instance it has been doomed advisable to coniine the 
studies wholly to the soft parts; for some time such will remain the most pressing need among 
workers of the group. 

The main object of the work has been to determine, from an examination of as many coral 
forms as possible, the principal facts of morphology within the group, and the illustrations are in 
the main limited to these/' 

"The following is the list of species studied. The terminology and orthography adopted is mainly that of 
Milne and Edwards and llaime (1X57). The recent papers of Vaughan (1901, 1901a) and Yerrill (1901) have shown 
that this is in great need of revision. I have added the names suggested hy these authors where they differ from 
those here employed. In the descriptive part of the work the usual references and synonyms of the species are 
omitted, as these are suiliciently noticed in tlie papers mentioned, and also in that of Gregory (1X95). 

Mad rt parti muricafa Li mucus—forma rerricorttis (Lam.); forma prolifera (Lam.); forma jtahnata (Lam .') = l$npnca 
mnrirnta (Linn.) [Vaughan] = Arro}tora mnrivata (Linn.) [Yerrill]. 

Parties ttsfr;nn‘des Lama re k — / \> r < tex axtreuidrx Lam. [ Vaughan] = Ponte* astreotdes Lam. [Yerrill]. 

Parties cUtracUi Lamarck —Pur itex jmritrs (Pallas ) forma clararia Lam. [Vaughan] = Parifex jmlytnarjdta Link [Yerrill]. 
Paritesfareata Lamarck = Parites parites Lallas) forma/i<mi/« Lam. [Vaughan]. 

Poi'ittx (lirui'icala Lesueur = Parites parites (Lallas) forma dirarientn Le Sueur [Vaughan]. 

Astra ay ia solitaria Lesueur. 

Phallanyitt ameriennn Millie Edwards tV llaime. 

Clndocom nrbnxruln ( Lesueur). 

Grbicella annularis (Ellis & Solander ) = < trhicella ncroporti (Linn.) [Vaughan]. 

Orhicella radaita (Ellis & Solander )—Orbicrlla envernasa (Linn.) [Yerrill]. 

Orbicella ca remosa (Linnanis). 

Falenastnra htjades (Ikina). 

SUphanoetntia iutersejUa (Esper). 

Faria jragntn (Esper). 

Diehaetmin stakesi AI ilne Edwards & llaime. 

Isophyllia dipsacea Dana. 

Manirina arcolata (Linnaeus )~Miv(tndm arenluta (Linn.) [Yerrill]. 

Odjtophifllitt (jt/roxa (Ellis tV Solander )=Maniriua yyraxa (Ell. Oc Sol.) [Yerrill], 

Mmtndrina lafnjrinthica (Ellis ck Solander ) = Plat}/yyra labyrinth icn (Le Sueur) [Vaughan] = Mu attdra cerebrum (Ell. 
ckSol.) [Yerrill]. 

Diplorin labi/rinthifonnix (Li nnieus) —Mtcan dm I a by r inf It ifarm is (Linn.) [Yerrill]. 

Pectinia muandrites ( Linnaeus*) = Mrcandrina nurandrites (Linn.) [Vaughan]. 

Oculina diffusa Lamarck. 

Sideraxtrua r<tdatns (Lallas). 

Sideraxtnra sidtera (Ellis A Solander). 

Ayariria fray His Dana. 

Ayariria ayaricifts (Linmeus). 






PART I. 


GENERAL MORPHOLOGY. 


In any living coral, be it a simple or colonial form, the soft polyp above can be readily distin¬ 
guished from the hard, calcareous skeleton below. The latter is generally cup shaped, and serves 
as a support and protection to the former. Structurally the polyp is very simple, and is either 
distinct or united with others. While alive it is variously colored, and assumes very different 
appearances according as it is fully expanded or retracted within its calice. When expanded it 
presents two distinct regions—a smooth column, generally cylindrical in outline, and terminated 
distallv by a more or less flattened oral disk, hi the center of the latter is the slit-like mouth, 
while toward its periphery are one or more cycles of simple or knobbed tentacles. Sometimes 
the polyps, instead of being distinct and independent, retain blit partial individuality, and 
give rise to complicated diseal, tentacular, and columnar systems. 

Upon decalciflcation the nearly colorless basal or aboral region of the polyp becomes 
exposed. This is generally cylindrical or conical, and very complex in detail, being deeply 
grooved obliquely or vertically, and otherwise invaginated in correspondence with the skeletal 
projections; terminally it may be truncated or tapering. 

The interior of the polyp is hollow, but much subdivided by two series of vertical parti¬ 
tions, arranged in cycles. The members of one series—the mesenteries—hang' from the 
body wall, their free edge provided with a filamentous organ, except above, where some unite 
with the stomodamm depending from the margin of the oral aperture; the other partitions—the 
septal invaginations—are wedge-shaped inturnings of the basal wall, which are occupied by the 
skeleton, and are arranged so as to alternate with the mesenteries. Invaginations of the 
basal wall may also occur centrally, when they are usually connected with the septal inturnings. 
The mesenteries cease before the aboral termination of the polyp is reached, while the septal 
invaginations are best developed below, and distallv never extend the whole length of the 
expanded polyp. 

Microscopically the body wall is constituted throughout of three distinct layers, very different 
in character. The outer comprises various glandular, protective, and sensory elements; the 
middle is a nearly homogeneous, jelly-like substance; while the inner is mainly constituted of 
glandular and muscle cells, and is often loaded with unicellular alga?, the so-called zooxauthelhe. 

On any colony new polyps, originating either as buds or by division of some other polyp, 
are to be found in various stages of growth. Within the mesenterial mesogloea of the mature 
polvps may occur groups of sexual cells, and within the polvpal cavity may be free larva? 
undergoing the (airly phases of development. Such are the broad features characteristic of 
Madroporarian polyps, and these will now be described in greater detail. 

COLUMN WALL. 

As comparatively few coral polyps have boon described from their appearance in the fully 
expanded condition, the descriptive term column has been but little employed in Madreporarian 
literature, though of universal recognition in works on the Actinia* for the corresponding region. 
When coral polyps are fully expanded their columnar character is usually very obvious, but in 
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the retracted condition it is not so evident, and is further confused because one portion of the 
column may he within the calico and another outside; also, owing* to the colonial habit of most 
species, the line of separation of the column wall of one polyp from another is not always readily 
determinable. 

The retention of the word column becomes absolutely necessary for a correct appreciation 
of the morphological relationships of the corresponding regions in the various types of coral 
growth. The region admits of a very precise definition, and, except in a few instances, of distinct 
limitations on the living or preserved colony. In the Actiniaria the column includes the whole of 
the polypal wall between the basal disk and the oral disk, the latter limited peripherally by the 
outermost cycle of tentacles. It is also usually distinguishable from the rest of the polyp by 
structural differences, especially in the stronger development of the. musculature distallv. 

Embry ologieal results indicate, as was iirst established by Professor von Koch (lSMi), that 
in Madreporarian corals the basal disk of the larva or young polyp first gives rise to the skeleton, 
and, however complicated the hitter ultimately becomes, the tissues lining it directly (skcleto- 
trophic or skeletogenic) are morphologically those of the base. It follow's from this that the line 
at whic h the skeleton-producing tissues pass into the superficial tissues is the boundary between 
the true basal disk and column (PI. NIX, tig. 137). The latter will thus include all the superficial 
part of the polypal wall between this boundary and the outermost row of tentacles, and now here 
takes any part in the formation of the skeleton. Column wall and oral disk will thus practically 
correspond with "oral body wall," and basal disk with "abonil body wall,*' as these terms are 
employed by Fowler, Ogilvie (1S1M3, p. 107), and others. Hy body wall or polypal wall I under¬ 
stand the whole or any part of the w all of the polyp—base, column, and oral disk. 

In simple polyps, and at the margin of colonial polyps, the boundary between the basal wall 
and the column wall is entire, and is indicated by a marked histological difference; but in colonial 
polyps, elsewhere than at the margin, interruptions exist which permit of free 1 communication 
between the internal cavities of the various polyps constituting a colony (PI. XI1, fig. S7). Mesen¬ 
teries are attached for some distance along the basal skeletotrophie wall, and then pass up the 
column wall, and in the case of the complete members are continued across the disk and down 
the stomodieuin. 

The column wall, as above defined, is easily distinguished in the simple polyps of Astrinigta* 
and Plujllanijid (PI. \ , fig. 4b); but in colonies, where the asoxually produced polyps remain 
connected with one another, the limitation of the wall of the individual polyp is not always 
readily determinable externally. Many colonial genera, including such as Orhtcilla , $id< /uistnwi, 
and /b/vVos*, display a smooth polygonal groove which represents the external line of demarcation 
of the polyps. The superficial tissues are in partial continuity with the skeletotrophie tissues 
along these grooves, either directly or through the intermediation of the mesenteries, and the 
groove is therefore incapable of elevation above the skeleton, even on full expansion (PI. IX. 
tig. 07). 

The two or three polype, which as a rule constitute the sub-colonies of Chtdocorn* afford 
interesting stages in the separation of the body wall of polyps primarily united (PI. V1, tig. 48). 
Usually each polyp presents a free portion along its lower margin, where the ectoderm of the 
column can be seen to pass into that of the base, while the remainder is united with the termina¬ 
tion of the wall of the other polyps, the line of union being indicated by a groove. As the 
polyps increase in size this line of connection diminishes in extent, the communication between 
the cavity of one polyp and of the other ceases, and ultimately the polyps separate, though 
usually not before each has given rise to one or more buds. 

The polyps of Ortd/na (PI. XXII. fig. 143) are spirally arranged, and as a rule widely 
separated; in the older regions of colonies the limitations of the individual columns are not 
readily seen, but can be easily made out in young colonies, and at the grow ing regions of others. 
Where the boundary is indicated the pericalicular mesenteries extend as far as the limitations 
of each polyp; but where the polyps have become widely separated, the mesenterial prolongations 
‘ ease before the limitations of the polyps are reached, and then no actual boundary between 
one and another persists. 
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In tissiparous genera like F<n'ttt and IsnplnjUht^ in which 011 c ora few oral apertures may 
occur on a single disk, a single wall is common to each disk, hut is separable from those adjacent, 
as in tin' cases just described. The lissiparous conditions met with in these genera become 
more complex in Mtnuchut. JAiv/W/vW. IWthnn % and Co/pnplujU'ui. lien 1 the column wall, 
like the disk and the tentacular /.one, is common to a large number of oral apertures, but 
along- the thecal ridges (collines) a longitudinal groove occurs, separating the column of two 
adjacent systems. A further condition occurs in Atjoririit. New polyps seem to arise by fission, 
and each possesses its own system of tentacles; there is, however, no precise boundary line or 
groove between the column wall of adjacent polyps. A prominent thecal ridge imperfectly 
marks otf one polyp from another (PI. XX1Y, tig. 182), but no external indication is afforded 
that the column wall becomes adherent to the corallmn along its apex. 

M<u/r< is another genus in which no external demarcation occurs between tin 1 superficial 
tissues of the various polyps making up a colony: it is impossible to say where the column wall 
of one polyp ends, and that of another begins. As shown on PI. 1, fig. 1^, representing a fully 
expanded apical polyp, the free cylindrical region, which should undoubtedly be regarded as a 
column, passes directly into the superficial covering of the colony; but on this there is no groove 
limiting the column of one polyp from those surrounding it. 

In simple corals, and around the periphery of colonies, tin 1 lower or proximal extremity of 
the column wall is closely adherent to the corallmn, and upon decaleification its uninterrupted 
passage into the basal skeletotrophic tissues can be followed, the histological structure of the two 
differing greatly. The upper distal margin of the column continues to grow upward, the lower 
extremity keeping pace with it. and tin' skeleton below is thus left exposed. Usually foreign 
growths, particularly Xullipores/' in time settle upon the exposed part of the covallum; or it may 
be attacked by destructive agents,'such as boring sponges or mollusks, or by tubieulous worms. 

At the actual boundary of the column wall and basal disk a thin deposit of calcareous matter 
usually takes place, which in coral terminology is known as the “epitheca." This generally 
shows signs of stratification or wrinkling, the thickened lines representing periods when the 
upward growth of the polypal margin was not proceeding rapidly, and consequently more 
calcareous formation took place. In the early stages of J lanidna ai'rolata . the column wall 
practically envelops the whole of the eoralluni, and all stages in its growth upward, according 
as the colony enlarges, can be obtained. In the skeleton the epitheca is clearly seen as a thin 
calcareous- layer resting upon the edges of the costa*, its upper margin indicating both the 
proximal extremity of the column wall and the commencement of the skeletotrophic tissues 
when the colony was alive. The region at which the epitheca is formed is clearly seen on PI. XIX, 
tig. 187. representing a section through a young polyp of JA nucino^ and also on PI. XIY. 

li AND PLATTE OK EIXrE-ZOXK, C«EXOSAR<\ C< EXEXCHYMK. 

The term Randplatte'* was originated by von lleider (IS,si. p. 4), when describing the exter¬ 
nal features of the Mediterranean Chnjurnrtt. to include the continuation beyond tin* crown of 
tentacles of the soft parts of tin* polyp over the border of the calico. It has since been exten¬ 
sively employed in Madreporarian literature by Fowler. Bourne, and Miss Ogilvie. the latter of 
whom introduced “Edge-zone" as its English equivalent (1S0G, p. 108). Referring to the name, 
G. von Koch (1880,, p. 842). in a foot-note, draws attention to the fact that the region alluded to 
is no structure “sui generis," and therefore possesses no independent morphological significance. 

In expanded coral polyps there is really no demand for such a descriptive term, as in this 
state the column wall stretches vertically, in undivided continuity, from the margin of the tentacu¬ 
lar crown to its line of union with the wall of the surrounding polyps, and, except fora stronger 
development of the emlodermal musculature above, the histological structure of the wall is the 
same throughout. Most of the mesenteries also extend the whole length of the column. "Where, 

«In Astrangla solitaria the incrusting Xullipores sometimes grow upward with such rapidity as to cover the whole 
of the external surface of the eorallites, displacing the pericalicular part of the polyp. They may even extend over 
the thecal edge so as to sensibly diminish the aperture through which the polyp protrudes. 
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however, the cnlieiiml wall extends peripherally far upward within the cavity of the polyp, then 
upon retraction of the latter the upper region of the column becomes drawn within the cal ice. but 
the lower region, still with the mesenteries attached to it, remains outside. It is to this external 
area of the column wall, often sharply marked off in retracted polyps, that the term "edge-zone'" 
is usually restricted. As a result of the same upgrowth of the ealicinal wall, the cudenteron 
likewise becomes separated into ealieinal and periealicinal or perithecal portions, each parti¬ 
tioned into chambers by the mesenteries, and less so by the septal and cos he (FI. VII, tig. 54). 

Among corals like Zb/vYc.v and in which the ealieinal wall is common to adjacent 

polyps, and the septa are but little or not at all exsert, there can possibly be no extrathoeal. or 
rather periealicinal or perithecal. continuations of the tissues, and no edge-zone. 

Hv "edge-zone"" Dr. Ogilvie (p. 108) understands " that the mesenteries of the interseptal 
loculi are continued into the intercostal loculi,’" thus giving a more precise meaning to the term 
than was done by von 1 [eider. Among all the forms here studied, which are provided with a 
perithecal continuation of the gastric cavity into intercostal loculi, Mtuh'ejtoni is the only one in 
which the mesenteries also are not prolonged perithecal h . In this genus the superficial covering 
of the colony is continuous with the column wall of the polyp, and, as shown on PI. 1. tig 2, the 
cudenteron is directly continuous over the edge of the theca with the superficial canals, but there 
is never any trace of external mesenteries. In the expanded polyp the mesenteries are seen to 
pass from the extruded column wall directly into the calice, and the column wall below, unsup¬ 
ported bv mesenteries, rests directly upon the skeletal echinulations. 

The precise definition given to the edge-zone affords Miss Ogilvie the opportunity of accom¬ 
plishing the same for the somewhat loosely employed term " Ccenosarc." By this the authoress 
(p. 10}s), following Bourne (1JSJS8, p. 20), signifies "an extrathecal part into which the mesenteries 
do not continue."" Ccenosarc will, of course, consist of two distinct tissues: the skeletal covering 
proper (base), and the superficial covering to the colony (column wall), the two separated 
more or less by a continuation of the gastro-eudomie cavity/'’ By universal acceptation, " Cten- 
enclmne‘" is the calcareous deposit originating from the ccenosarc, and this is only laid down by 
the skelctotrophic layer, the inner of the two external tissues. According to the definition of 
ccenosarc and ccencnchvme just given, J lach'epoi'a alone, among all the forms available for study, 
is characterized by these structures; that is to say. the only genus in which the perithecal walls of 
the polyp are. without mesenteries (PI. 1). 

One of the most illustrative examples in this connection is Octdhm. In all the definitions of 
the genus one of the. characteristics given is the presence of a solid etenenehyme. Yet through¬ 
out young colonies, and in the growing regions of others, the mesenteries are prolonged 
perithecallv. so as to extend as far as the spiral groove of separation of the superficial tissues of 
the different polyps, and the corresponding grooves on the skeleton are determinable throughout. 
It is only in the older regions of large colonies that the mesenteries do not extend the whole 
length of the column wall, and the skeletal surface then becomes perfectly smooth, with an 
absence of grooves or costal ridges. Under such circumstances it becomes impossible to draw 
any sharp line between edge-zone or column wall and cienosarc. The latter is merely the extra- 
ealicular region of the polyp into which the mesenteries are not prolonged. 

Bourne (p. 2b) states that "a common ccenosarc is due to nothing more than a persistent 
connection between the VRandplatten" of adjacent polyps, and that the two structures are 
homologous." This undoubtedly holds for some forms, e. g., Githwa^ but the first portion of 
the definition can scarcely be regarded as applicable to cases like Martrtponu where, by deiini- 

ff At tli<* points where the cienosarc rests upon the costal ridges or echinulations the two coverings are combined, 
and the skeleton is here overlaid only by the superficial ectoderm, the mesoghca, and the ealicoblastie ectoderm 
( bis. 1, II), The perithecal gastro-cudoinie cavity then becomes represented by canals, often reticular in char¬ 
acter. Fowler (1888, p. 7, PL XXXII, figs. 2, 3) shows that in AtophiheUti vawea the direct adherence of the poly pal 
wall to the skeleton may become very broad, the canals being, as it were, pushed apart from one another and greatly 
narrowed. 

Of tlu* canals in O vuopmmm'm Oardiner (ltMK), p. obi) observes: “The camosareal canals in fact are simply 
cxiratheeal portions of the eodentera of the different polyps, which serve to connect their intrathecal or gastrovascular 
portions.” 





MEMOIRS OF TIIE NATIONAL ACADEMY OF SCIENCES. 413 

tion, there is no Kandplatto, and one can hardly employ the term homologous in eonneetion with 
structures which are merely continuations of one another. 

CmnoNare then, no more than Kandplatto, is a polypul structure "sui generis;” the two are 
merely special regions of the column wall and underlying skeletotrophie layer, in the latter ease 
provided with mesenterial continuations, and in the other devoid of them. Cunienehyme likewise 
is inseparable from the portion of the thecal wall laid down by the extrathecal layer of the 
morphological basal disk, under whatever name it may be known. The terms have merely a 
topographical, not a morphological, significance." In the following pages column wall will 
generally include the whole of theexternal body wall, from the line at which it passes below into 
the skeletogenie tissues to the outer margin of the tentacular zone above. 

Fowler, in his studies of various species of corals, has given much attention to the relation¬ 
ship of the peripheral part of the column wall to the skeleton, particularly to the manner in 
which it may be said to be supported. At first it appeared that in species without ccrneiichyme 
the column wall was supported upon only the perithecal continuations of the mesenteries 
('‘peripheral lamella*”), while in species with eumenchyme the wall was directly supported 
upon only echimilations of the skeleton. FI. Yll, tig. 54, and PI. XIX, fig. 132. will serve 
as examples of the former, and PI. I. tigs. 2-<h taken from J fadrepnra, are instances of the 
latter method. Later, however, Fowler found that no such rule could be maintained; that the 
two methods of support -mesenterial and eehinulatc might eo-cxLt in the same form, e. g\, 

^ 1 mphihelat. 

Where mesenterial continuations occur, the perithecal portion of the polypal cavity exists as 
a series of simple vertical canals; but where mesenteries are absent, and the column wall rests 
directly upon skeletal ridges or echimilations (J [adreput'd) * the cavity is usually broken up into a 
complicated system of canals. 

FORM AND ANATOMY. 

Externally the column wall of coral polpys presents few structural modifications compared 
with the same region in the Actinium. There is an entire absence of the simple or complicated 
columnar outgrowths often displayed in the latter group, and nothing comparable with a eapitulmn 
or cycle of aerorhagi lias been observed, the column always passing uninterruptedly into the 
tentacles. Practically the only external distinction in this direction concerns the surface of the 
column, whether smooth or verrucose. The latter condition is brought about by the presence of 
teeth or spines on the edges of the costa) and septa. W here these occur the polypal walls on 
retraction come to rest upon them, and the areas over the projections become slightly raised 
above the general surface, assuming a warty appearance; and even on fullest expansion, when 
free from the eorallum, the tubercle-like character rarely entirely disappears. Sometimes the. 
verruca* are indicated by a slight color distinction, and often give a coarse appearance to the 
polyps. Where the edges of the costa* and septa are smooth, or only finely toothed, the surface 
of the outer polypal tissues is likewise smooth. Histologically the verruca 1 present no differences 
from the rest of the column wall, except that their constituent layers are generally thinner. 
They arc thus to be distinguished from the verruca 1 of Actinia?, which are slightly modified 
evaginations of the wall, or more often take the form ot' vertical rows of suckers, with a 
strongly marked histological modification. The verruca* in corals are characteristics dependent 
upon the form of the skeleton, rather than a structural differentiation of the soft tissues. 

Corresponding with the costa* and septa, the verruca* are arranged in vertical intermesente- 
rial rows, larger and smaller rows often alternating, in agreement with the large and small skeletal 
partitions. This is readily seen in species of Orhicelht , Far in, and J lanicinn, while in 2[&<tn<h % imi 
all the rows are equal. The verruca* in any single row are somewhat irregular in size and height 

« The study of the Cunopsmumia from Lifu has lead Gardiner (1900, p. 301) to define denosaro in such a way as 
to make it much more embraeive than would either Bourne or Miss < >giivie. Thus: “The Cwnosarc is that, part of the 
ptlyps in a colony which ties outside but not a bore ( i. e. in expanded state) the thecae of the several cornUites. The * Randplatte 5 
of von Beider and von Koch, the ‘edge-zone’ of Miss Ogilvie, is then that part of the cienosarr which lies over the 
free portions of the corallites.” 

Vol. 6—Xo. 7 - 2 
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in a form like hophyllia* where the septal and costal spines are very variable in the amount of 
development. The external grooves which separate the verrueal ridges correspond with the line 
of attachment of the internal mesenteries, and are always smooth. 

Apparently there are no permanent apertures in the column wall of Madreporarian polyps, 
such as zoophytologists are familiar with in the Cinelides" of the Sagartids among the Actiniaria. 
Through these latter the threaddike “Aeontia,*’ loaded with nematocysts, are extruded when the 
polyp is irritated. The majority of coral polyps, however, have the power of extruding 
prolongations of the mesenteries bearing coiled mesenterial filaments along their edge (p. 475), but 
these can evidently perforate any portion of the superficial tissues, the disk equally with the 
column wall. Careful examination of the body wall, before the filaments are extruded, fails to 
reveal any apertures, and their irregular distribution, sometimes over nearly the whole external 
surface of the polyp, would suggest that the apertures are merely temporary and may be 
produced at any point. On PI. \ III, fig. fi4. is represented a section through a portion of the 
column of a polyp of OrhlcAla annuhu'h through which the tilumental part of a mesentery is 
extruded. No histological modification whatever can be made out in the wall itself; the aperture 
is a mere interruption of the layers for the passage of the mesentery and its filament. Upon the 
polyps settling down after irritation the filaments are slowly indrawn, and ultimately no external 
indications remain of the apertures through which they protruded. In some cases the openings 
have been observed to remain distinct for a short time after the indrawal was completed, but the 
injury, if such it can be regarded, was soon completely healed. 

On full expansion of the polyp the column may extend for some distance above the eoral- 
luin, and is either cylindrical, oval, or irregular in form. Proximally. where it is fixed to the 
skeleton, it assumes the outline of the individual eorallites, and lienee may be circular, polygonal, 
or irregular. In species of Shir rant rata and Ayuricta the column appears never to be raised much 
above the general surface of the corallum. and in forms like Al&amlrhm. with incomplete polypill 
separation, the column on both sides rises for many millimeters as a vertical expansion, with a 
deep valley separating one polypal row from another. 

The form and position assumed by the intercalicular portion of the column wall upon retrac¬ 
tion of the polyps varies greatly. In most cases the upper region of the column becomes folded 
inwardly over the edge of the theca, while in some it is merely drawn downward. In the 
former condition it either comes to lie inclined downward against the oblique septa {Abuttc /m/, 
Afi^tndnna % etc.), or, by the action of the endodermal circular muscle, it extends horizontally, 
terminating in a circular margin which nearly meets at the center, and thus almost covers 
the disk below (PI. X. fig. 74). In J la<lr< pora the wall becomes merely drawn within the ealicc 
without any overfolding (Pi. 1. fig. 2); in SUL.i'iixtrwti and Agaricht the column and disk 
are simply depressed, and come to rest upon the skeleton, leaving the tentacles and mouth wholly 
exposed (PI. XXII. fig. 150). 

Variations in the position assumed by the. column wall on retraction of the polyps are some¬ 
times observable even in the same species. Thus the wall in Porltr.at clararin may be slightly 
folded over the disk, or, as in Sdh /v/.y//vw, it may merely come to rest upon the eovallar surface, 
the tentacles and disk remaining’ exposed (PI. IV, figs. 34 and 35). 

Among the skeletonless Act in in* the column wall is usually of some thickness, so as to 
give more or less rigidity to the body of polyp, but in the Madreporaria, where support is 
afforded by the skeleton, the polypal wall is nearly always a thin, delicate, often transparent 
structure. In both groups the thickness of the wall is mainly determined by that of the middle 
layer—the mesoghea, as both the ectodermal and endodermal epithelia vary comparatively little. 
By contrast with that of most anemones the mesoghea in the column wall of corals is. as a rule, 
little more than a mere separating lamella between the inner and outer layers, except along the 
line of attachment of the mesenteries, where it becomes somewhat thickened in a triangular 
manner. 

The thickness of the column wall is also partly dependent upon the state of expansion or 
retraction of the polyp. On full distention all three layers become greatly attenuated, the 
ectodermal and endodermal cells largely diminished in height, and the mesogloea scarcely distin- 
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guishable as a separate layer. The walls arc thou much more nearly transparent than in the 
retracted state. In sections the column wall varies from u. L millimeter across in Isoplnjllia 
<!i)mtcvu to 0.02d inilliineter in Ajariria ft'ityiflx. 

The three polypal layers will now be described in more detail. 

ECTODERM, 

The ectoderm of the. column of Madreporarian polyps is a regular, often ciliated, columnar 
epithelium, constituted mainly of unicellular gland cells, supporting cells, and scattered 
neinatoeyst-bearing cells; muscle and nerve fibrils are rarely if ever recognizable in sections. 
The nuclei of most of the cells arc arranged at nearly the same height in the layer, and in sections 
of moderate thickness give rise to a very definite nuclear hand or zone. The nuclei thus regularly 
distributed are mainly those of the long narrow supporting cells; the. nuclei of the gland cells 
and nematoblasts are less restricted and occur nearer the mesoghea. 

The eiliation of the column wall is by no means so pronounced as in the ease of the stomodieal 
ectoderm and mesenterial filaments, and few observations h ive been made to determine its 
general distribution in the living polyp, or the conditions of its aetivitv. Traces of cilia some¬ 
times remain in preserved material, and the effects of its activity are often noticeable on the living 
polyp. When light particles of foreign matter are dropped on the large diseal area of a coral 
like Jfaairiaa. they are seen to be slowly transferred to the margin of the disk, but, instead of 
merely dropping over, they are dragged in a definite manner along the column, and onlv 
discarded, as it were, when they reach its lower termination. When similar particles are dropped 
on other living polyps they are likewise set in movement in a more or less definite manner, hut 
no such action could he distinguished on the living tissues of Faria fray am. 

The glandular cells of the columnar ectoderm are mainly oval shaped toward the peripherv 
of the layer, and narrow internally: the base is generally fibrillar and vests upon the mesogloea 
(tig. s). The contents are nearly homogeneous and rarely stain, usually appearing quite clear; 
at other times they are finely granular and stain more readily. The cells are mucus secreting, 
and their different behavior toward reagents probably indicates different stages in tin* develop¬ 
ment of the cell and its secretions. In addition to the clear mucus cells, long, narrow gland cells 
occur of which the contents are coarsely grauular, and these take up most stains with great 
avidity. They seem to be different in character from the other gland cells, and, as a rule, are but 
sparsely re p\*t 'seated. 

In most cases the gland cells occupy the greater proportion of the layer, so much so that 
in tangential sections through the outer portions of the ectoderm the cells form a close 
polygonal network, the interstices being occupied by a few supporting cells (PI. X, tigs. 7fi-7>M. 
Quantities of clear, colorless mucus are given out by most corals upon disturbance*, as. for instance, 
when a fragment from a large colony is broken off; also upon preservation in a limited quantity 
of sea water sufficient mucus may be extruded to give, a jelly-like consistency to the liquid. The 
presence of the mucus upon the surface of a colony often interferes with the proper preservation 
of the polyps. This is especially the ease with /W/V/v, where both the ectoderm and endoderni 
are highly glandular (PI. IV). 

As a rule the column wall of coral polyps contains a few scattered nematoevsts. which, 
however, are never aggregated into distinct batteries such as occur on the tentacles. They 
are always small, of two or three kinds, and are easily distinguished from the long, narrow, 
tentacular form, or the large oval variety mon* characteristic of the endoderni. 

In the genera Isoplnjllia and J faatalrina. and to a less degree in certain others, the 
superficial tissues in the living condition appear dense and almost opaque. Histological examina¬ 
tion reveals that the mesoghea of the column wall in these is a little thicker than usual, blit the 
chief cause of the opacity evidently lies in the contents of the ectodermal cells. This is illustrated 
by the genus OrbinUa (PI. VI II. fig. fifi). Clear mucus-secreting cells occur with comparative 
ravitv. and the chief cellular constituents of the layer are long supporting cells, the nuclei of 
which are elongated and arranged in a very regular zone, so closely that in places they appear to 
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exert a mutual pressure upon one another. The deeper parts of the layer are characterized by 
tin 1 presence of patches of tinely granular pigment matter, arranged closely or somewhat distant 
from one another. In the areas of greatest concentration the granules extend almost to the 
periphery of the ectoderm, but they are mainly internal to the nuclear zone. Probably they are 
to be regarded as of the nature of pigment granules, and are to be distinguished from the granules 
of glandular cells. They are manifestly the chief cause of the general opacity of the body wall 
in many fissiparous species. (See also, fcophyll 7//, PI. XVII, fig, 122.) 

MES< >GE<EA. 

The mesoghea" of coral polyps has generalh been described as a perfectly structureless layer, 
without any of the migrant connective-tissue cells, such as are characteristic of the mesogkea of 
the greater number of Actinian polyps. The homogeneous condition is found in many of the 
species here described, especially where the polyps are small, but in others it becomes somewhat 
more complex. The layer stains feebly, or not at all. and when perfectly homogeneous and 
transparent may be indistinguishable from the clear field of the microscope. 

In lai •go polyps, such as IsophyU !a ilijfMCt'ft* and also in J [wamlrlna* the mesogkea is rather 
thick, and minute connective-tissue cells occur sparsely throughout. In sections the cells are 
circular or oval in shape, with a central nucleus, and minute prolongations extend in all direc¬ 
tions; many of these reach one or other of the surfaces of the layer, and there come into con¬ 
tact with the ectodermal or endodermal cells. In some instances the processes extend right 
across from one layer to the other, but are mostly disposed in an irregular stellate manner. 
Their close connection with the ectoderm and endoderm would seem to indicate their origin from 
one or both layers, except in the mesenterial mesogkea, where obviously they can be derived 
only from the endoderm. 

The mesogkea is usually of uniform character and consistency throughout any polyp, but a 
slight ditference is revealed in preparations of JxophyU ia dtpmvni^ which have been stained with 
borax carmine and methyl blue. The layer is colored a bright blue, but narrow tube-like por¬ 
tions, which scarcely take up any coloring matter, stretch across the layer, or in other sections 
appear as small, light-colored disks; with luematoxylin it remains unstained, and exhibits no such 
differentiation. 

The ectodermal and endodermal surfaces of the mesogkea are mostly even, but in some 
regions, especially on the face of a mesentery which hears the longitudinal musculature, the 
surface becomes folded, or may even form complicated branching plaitings, so as to afford an 
increased area for the muscular fibrils (PI. XVIII, fig. 130). The endodermal surface in the 
uppermost, region of the column may also be deeply folded for the same purpose (PI. X'\ 11, 
fig. 121). In no ease, however, has the musculature been found to become actually embedded 
within the mesogkea of the column, such as occurs among anemones where a strong mesogheal 
.•sphincter is formed (Smjdi't'((}&). 

As the. mesogkea is practically alike in structure throughout the tissues of any polyp, it will 
be unnecessary again to refer to it in detail in describing the individual organs. Along the line 
of attachment of the mesenteries to the skeletotrophic tissues, and less frequently elsewhere, 
peculiar mesogheal processes occur which seem to serve as a means of attachment of the polypal 
tissues to the skeleton (PI. XIII, tig. tk>). They are fully referred to on page 481. 

ENDODERM AND SPHINCTER MTSCLE. 

Gland cells, both in the (dear and granular condition, are the main constituents of the 
endoderm. Supporting cells are less numerous than in the ectoderm, while the musculature is 

a In a preliminary note, “On the Anatomy of a supposed New Species of Omojutammut from Lifu,” Mr. Stanley 
Gardiner proposes the name “skeletoghoa” for the structureless lamella or jelly of the Actinozoa, instead of a 
“makeshift term/’ such a “mesogkea.” The introduction of this new term would undoubtedly lead to great confu¬ 
sion if employed in the literature of skeleton-producing polyps, while such has never been the case with Ronnie’s 
term, now universally adopted. “Skeletogkea” would have served aptly for the jelly-like, homogeneous matrix in 
which the skeleton is laid down (p. 483). In his fuller paper (1900, p. 358), Gardiner prefers to use the term “struc¬ 
tureless membrane” or “basement membrane.” 
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hotter developed, and symbiotic alga* or zooxanthella* are nearly always present. The dilation is 
feeble, and rarely determinable in preserved material. 

The endodernial layer is of much the same character throughout the. polyp, whether in the 
column wall, tentacles, disk, skeletotrophie tissues, or forming the mesenterial epithelium. It 
may vary slightly in thickness in different regions, and in the greater or less preponderance of 
glandular cells, while in nearly all the species a remarkable modification of the skeletotrophie 
endoderm takes place in the lower regions of the polyp. The layer hen*, becomes much thicker 
and loses its distinctly cellular character, appearing finely reticular. So greatly thickened does 
the endoderm become that it often nearly obliterates the gustro-ctdomic cavity in the most 
proximal region of the polyp. The chief constituents- nuclei, cytoplasm, zooxanthella*, and in 
some eases granular gland eells—are mostly accumulated in a narrow peripheral zone, the deeper 
portion being vacuolated or hearing only tine granules (PL X, tigs. 78 and 75). 

Zooxanthelhe occur in large numbers within the endoderm cells of all the species studied, 
with the exception of Phylhuujin anuricana and Axtmnyia mlituriu. They are. usually 
distributed throughout the polyp, but are more numerous in the exposed tissues (column wall, 
disk, tentacles) than in the endoderm of the mesenteries and skeletotrophie tissues: they 
even occur within the internal canals of the perforate, genera J [adrepora and Porites^ but arc 
never found free or detached within the poly pal cavities except in larva*. As described on 
page 487, the organisms are the principal cause of the coloration of many coral polyps. Large 
oval nematocysts occur in the endoderm of Parltrs and J /adrejtora % but are absent from most 
other genera. Their numbers and distinctive form in the genera mentioned are such as to leave 
no doubt that they are actually formed in the endoderm, not free examples injested from the 
ectoderm. 

The circular endodernial musculature of the column wall appears to be always present in 
coral polyps, as in Actinism polyps, though varying much in the degree of its development; 
as a rule it is stronger at the uppermost region of the column wall than below. Sometimes 
the fibrils are scarcely to he found anywhere, while in other species they become strongly 
developed distally, and give rise to a typical diffuse sphincter muscle, such as is characteristic 
of many Actinia* (o.g., CorynactU). This is seen in species of OrbiceUa , especially in the 
large 0. can< rnosa. but also in the smaller O. annularis (PI. V111, tig. 05). Here, in retracted 
polyps, the mesoghea is thrown into deep folds for additional support to the musculature. The 
muscle fibers lining the hollows or grooves never become separated from the superficial layer, 
as happens in Actinians where the muscle is truly liiesogkeal. In other species of corals 
the mesogkra forms only very slight folds, while again it may he perfectly smooth, indicating 
a very weak muscular development. 

The sphincter muscle is more strongly developed in Isojdiyllia tlipsacat than in any other 
species hen* studied. In vertical sections of the uppermost region of the column wall themesoghea 
displavsone or more special thickenings which are much plaited, the whole lined with muscle fibers 
(PL XVII, fig. L21). The structure very closely recalls tin*, type of sphincter described by lladdon 
(189$, p. 482) as occurring in the Actinian MacrodacUjhi , and there termed a h * restricted” 
sphincter muscle. It represents a stage of muscular development more complex than that 
described as ••diffuse." The plaitings appear on several axes of greater or less complexity; while 
in the '*circumscribed” sphincter muscle of Actinian anatomy they are restricted to a single axis. 
The amount of development of the sphincter muscle is manifestly dependent upon the size of 
the polyp, the polyps of Isophyll'ui and Orbicvlla being among the largest studied. 

The action of the circular sphincter muscle is to bring about the. overfolding of the distal 
region of the column wall upon retraction of the polyps. This occurs in nearly all corals, and, 
as alreadv observed, it results that the column wall almost completely hides tin* disk and tentacles, 
leaving a small central opening over tin* oral aperture. Circular constrictions may occur in the 
column wall without any retraction of the disk, in this case the action of the columnar 
musculature is probably the same as before, but the retractor muscles of the mesenteries have 
not come into play and drawn downward the oral region of the polyp. 

G. II. Fowler (1-S$sa, p. 12) was the first to record the presence of an undoubted sphincter 
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muscle in the Mad rope mir hi, having found the mesogheal plait ings strongly developed in Splum- 
otrochus rttbrxcenx. Gardiner ( 15 ) 00 , p. A*»o) also deseril)es a strong circular sphincter muscle in 
C h'ttojM annn/d. 

The sphincter, sometimes known as *• RottekeiFs muscle/' is usually strongly developed in 
Aetiniaria, where it assumes very varied forms, and becomes of great importance for taxonomic 
purposes. Actiniae polyps in general are capable of retraction to a greater degree than are coral 
polyps, but where no sphincter is present the disk and tentacles always remain exposed. There 
is no doubt that the actual outline assumed by the mesogheal plaitings supporting the fibrils, and 
giving its character to the muscle, is largely dependent upon the amount of retraction and exten¬ 
sion of the polyp, but still sufficient constancy remains to justify the importance attached to 
the muscle for diagnostic purposes. 

A few observations upon the general expansion and retraction of coral polyps may bo here 
given. ' 

KXPAXSIOX AXP RETRACT TON OF POLYPS. 

Only the more superficial tissues of coral polyps—column wall, disk, tentacles, and upper 
part of the mesenteries- are capable of expansion and retraction, the change being brought 
about mainly by the action of the musculature of these regions, with ail accompanying entrance 
or expulsion of water from the poly pal cavity. The skeletotrophie tissues are destitute of muscle 
fibers, and throughout remain adherent to the eoralhun. perhaps held in position by the peculiar 
wedge-shaped or conical structures originating from the desmoevtes (p. 482); lienee they take no 
part in the varying aspects of the polyp. 

Polypal expansion proceeds slowly by the imbibition of sea water into the internal cavity, 
and the consequent distension of the body wall. The musculature being relaxed, entrance of 
the water is effected through the oral aperture, probably as a result of the activity of the 
strongly developed stomodieal cilia. On retraction of the muscles, and subsequent diminution in 
size of the polypal cavity, the water is largely expelled, also through the mouth. In a colony 
where the cudentera of all the polyps are in communication with one another, there seems no 
reason why water should not be abstracted from one region to another, so that the polyps in 
one part may be expanded and those in another retracted. The polyps of one area of a colony 
are often in a different state of expansion from those of another. If an expanded colony be 
suddenly lifted out of the water, tiaeeidity of the tissues almost immediately results, due to the 
loss of water, and the latter can be actually observed flowing from the internal cavity. On irri¬ 
tation of a single polyp in a fully distended colony the poly]) readily retracts, and those around 
more slowly, the water issuing through the mouth as a distinct stream. 

Polypal retraction is brought, about by the united action of the musculature of the mesen¬ 
teries. column wall, disk, and tentacles, the first mentioned being probably the most important. 
The longitudinal retractor muscles are always more or less well developed on one face of each 
mesentery, the mesoghea being often folded to give increased area. By the contraction of these 
muscles the distal region of the polyp is drawn downward: at the same time the contraction of 
the circular endodermal musculature of tin* column wall aids in the shrinkage, and the same is to 
be. said of the circular musculature of the disk. 

From the comparative development and arrangement of the muscle fibrils throughout, coral 
polyps, it is manifest that retraction is entirely dependent upon muscular contraction, while 
expansion is mainly due to the relaxation of the muscles, followed by the entrance, of water. 

The external appearance of corals varies greatly, according as the polyps are expanded or 
retracted, and it is only from a full knowledge of both conditions that a (dear understanding of 
the relationships of the polyps to the eoralhun can lx* obtained. On complete retraction the 
superficial tissues come to lie more or less closely upon the upper part of the eoralhun. always 
separated, of course, from direct contact by the adhering skeletogenie tissues. In strongly 
retracted examples of most species the costa* and septa are seen through tin* polypal walls and 
stand out prominently, and the tissues oyer them are much thinner than tin* portions of the Avail 
Avhicdi occupy the intervening depressions. Where the edges of the septa or costa? are sharply 
spinous, as in tin* points appear as if perforating the tissues: lnit it may he doubted 
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whether this ever occurs naturally, as sections reveal only a great thinning of the layers. Polyps 
of punt* (Vui/ocora* and Astrmujht* having a tubular calico, are able to withdraw their 

upper parts so deeply within the latter as to render the disk and tentacles almost invisible. 
Most members of the Astraddle also partly withdraw themselves within the calico, and at the 
same time, by the contraction of the sphincter muscle, the capitular region of the column wall 
is drawn, iris-like, over the disk and tentacles, leaving* hut a small central aperture through 
which the mouth and central part of the disk can usually he seen. In Jinnirhm and ColpopJnfUia 
the columnar musculature is weakly developed, and when retracted the capitular region is 
partly drawn downwardly and inwardly, covering the tentacles, hut leaving the middle discal area 
exposed. In 3/<t(lnpor<t , /hr/A.v, and Atjaricia the column wall is very rarely 

overfolded: on retraction the disk and tentacles are merely drawn downward, coining to rest 
upon the corallmn, and the tentacles, disk, and month remain exposed. 

During full expansion the upper part of the polyp is elevated some distance beyond the 
eorallmn, and the perithecal portion of the gastrocudomie cavitv becomes swollen." The 
column wall, instead of being folded horizontally or downward over the theea, now stretches nearly 
vertically from its line of union with the other polyps and skeleton as far as the tentacular zone. 
This alteration of form can he easily understood in the case of distinct polyps, hut not so 
readily in species where the polyps are incompletely separated. 

J [rmieimt is a good example of the latter in which to compare the different appearances of 
polyps on expansion and retraction. In the latter condition the meandering disk rests upon the 
skeletal projections on the lloor of the caliee, and the upper part of the columnar expansion lies 
obliquely upon the upper edge of the septa, then folds over the margin of the theca, and is con¬ 
tinued downward over the outside of the theca for a distance varying in different examples. On 
full distension the disk is raised several millimeters above the skeleton, becoming much 
broader and flattened, or even convex: the tentacles are arranged in a marginal zone, either 
overhanging or partly involved in tin* diseal tissues. The column wall is elevated vertically, 
its lower margin being the line along which the superficial tissues pass into the tissues lining 
the skeleton, and this for the time being constitutes the lower fixed termination of the column. 

Jlimmh'hm and ('olpoplnjllia are somewhat more complicated. The living colony during 
the day usually exhibits a meandering system of columnar ridges and discal valleys; the column 
extends about half way within the caliee. folded and slightly swollen as it terminates, and more 
or less hiding the rows of tentacles. Full distension completely reverses the relationship of the 
disk and column wall. The former now becomes raised from its depressed condition along the 
tioor of the caliee until it is some millimeters wholly above the coralhim. and convex in vertical 
section: the adjacent column walls are also raised until they become nearly vertical, and are 
either pressing against one another laterally, or separated only by a deep, narrow groove, at the 
bottom of which lies the line of connection of the column wall to the skeleton. The former diseal 
valleys are now the ridges, and the thecal ridges the bottom of the valleys. 6 

A few observations have been made with regard to the external conditions which seem to 
determine the state of expansion or retraction of coral polyps. As a general rule the polyps are 
not expanded to their full degree during the day, either on the reef or in the laboratory; but 
the process begins immediately after sunset, and full expansion is maintained for the greater 
part of the night. Thus on bringing into the' laboratory, in the course of the morning, a collection 
of specimens, they usually remain retracted for the rest of the day, but after sunset (fi.30 to 7.15 
p. m. in Jamaica) the polyps begin to expand until they attain their full dimensions. The 
body cavity is greatly distended with water, and the column wall and disk become raised some 

« Where the periealirular continuation of the gastro-eadomic cavity has become broken up into irregular canals, 
as in Madnpora, the amount of distension is small; but even in this genus a marked difference is seen in the c<eno- 
sarc, according as the canals are fully charged or nearly empty. 

h Yerrill (lSf33, p. 3S), from an examination of alcoholic specimens of Ihcandriim, Manirhia , and Faria, came to 
the conclndon that the polypul disk does not rise even level with the summit of the corallum. Also naturalists 
familiar with the Bahama and Bermuda corals have informed me that they have never seen many of the lissiparous 
species ( e. g.. hopinfllia) in an expanded state. 
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distance above the eorallnm. while the tentacles are erect or overhanging. The eolonies remain 
in this state nearly all night, unaffected hv any artificial light employed in observing them; even 
when the strong light from a condensing lens rests upon a polyp for some time there is no 
response. In the morning the polyps are again found retracted. 

If injured too much in the process of collecting, as when a portion of a colony is with diffi¬ 
culty broken off a huge mass, the polyps of most corals are unable to recover sufficiently to 
expand at night. The best specimens for laboratory study are the colonies found lying free on 
the sea floor, for these can be removed without much disturbance to the living animals. 

On the reefs, J leeamlrhm^ Oolpop>hyllia, and Orhicella are found partly expanded during 
the day. only the tips of the tentacles and part of the disk being visible; J Lin Irina will some¬ 
times protrude its tentacles, but fsophyllia rarely so. On the other hand, Mudruporu and Pontes 
are usually fully expanded; colonies of both species are often met with in situ on which, by 
means of a water glass, all the polyps are seen protruding to their full extent. 

The corals found in very shallow water in Kingston Harbor are mostly retracted during the 
day: but if collected with care, and placed in shallow glass vessels exposed to the full rays of the 
sun, such species as Jlunicinaanvlatn . Pori ten fureata* Sidemxtr&a radians^ Chidocoru arhusnda , 
and Oculina dijfusa will expand fully. Further, when in the laboratory these species have 
been kept shaded from the sun during the early part of the morning and are then brought into 
its direct rays, they soon begin to expand, and remain so for sometime. Also, on bringing corals 
which during the whole day have been kept in a cool, shaded place into the rays of the setting 
sun they nearly always respond to the change and expand fully. It may be that in such experi¬ 
ments it is not the strong light but rather the slight increase of temperature of the water which 
exercises some stimulating influence on the polyps. 

The general experience is that if colonies are placed in shaded spots during the day the 
polyps respond to the change, and expand to a greater or less degree, but if exposed to full 
light they remain retracted. 

Much difference is experienced in the readiness with which various coral species expand. 
In the laboratory Ayaricia seems to open less freely than others; Cladocora and Oculina are 
among the readiest to open out. In some instances the polyps of the latter remained fully 
distended for two or three days together without ever retracting. 

It may, therefore, be taken as a general rule that coral polyps expand to their full degree 
during the night, but that under artificial conditions they may respond to an increase of light and 
temperature. The whole question of their response to external conditions is full of interest, but 
can be solved only by a long series of observations and experiments. 

That night expansion is not restricted to tropical cm*als may be gathered from the observa¬ 
tions of (losse (1800, p. 312) on GaryophylUa Smith!!* This British species was also found to 
expand most freely at night. 

Many sea anemones exhibit the same phenomena as eoral polyps, though not to the same 
degree. Colonies of the Zoanthid Palythoa are found in plenty on the reefs; during the day the 
polyps are mostly in the retracted state, and in the laboratory night is always found to be the most 
suitable time for examining them in the fully distended condition. 

In the course of his examination of the coral reefs of Funafuti, Rotuma. and Fiji. Mr. Stan¬ 
ley Gardiner (18bS) found much the same results as regards the time of expansion of coral 
polyps; KuphyJIiu , Symphyllia , and J/ussu were the only corals observed by Gardiner to be fully 
expanded in the daytime. He further states, as is also the case in West Indian waters, that only 
during the night is the tow net able to collect in any quantity the minute lame, eggs, and 
other small organisms which probably constitute the food of coral polyps. During the day sueh 
pelagic forms evidently sink to the deeper waters, reappearing nearer the surface at night, and 
becoming most abundant in the early morning. 

It may be that night expansion and day retraction of the coral polyps are in some way con¬ 
nected with this distribution of their food, and it is not unlikely that the phenomenon mav be 
associated with the strong local sea breezes which usually disturb tropical waters during the day, 
and produce a cloudiness some distance around the shores. At night and early morning, the 
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breezes having subsided, the waters are quieter and more favorable to the activities of delicate 
sessile animals. 

Perhaps the activity of the unicellular commensal alga\ present in such great numbers in the 
endodermal tissue of nearly all species, may be associated with the changes. Rut fully expanded, 
more transparent tissues in the daytime, would manifestly bo most favorable for the functional 
activity of their chloroplasts. 

TENTACLES. 

The tentacles of Madreporarian polyps exhibit a certain diversity of form and arrangement, 
though not to the same degree as the corresponding organs in the Aetiniaria. They are mostly 
disposed around the margin of the oral disk, in two or more entaenueous, alternating cycles. In 
J ladnpora and /b/vVr.s, however, they appear to constitute only a single cycle. In living polyps 
the tentacles can usually be seen to correspond in position with the internal mesenterial chambers 
of which they are the external prolongations, and further to conform in position, and, as a rule, 
in number, with the internal skeletal septa. In nearly all eases they correspond exactly with tin' 
number of internal mesenterial chambers, both entocudie and exocudic. Tentacles arising from 
the entooelic mesenterial chambers may be known as mtotentach-s^ and those from exoecelie 
chambers as tauten tarh*, Where present the latter always constitute the outermost cycle, and 
all the inner cycles consist of entotentaeles. In Side rant rtra the exotentaeles differ in form from 
the entoeudic members (PI. NXI1, tig. 151), while in Ayarlcla* and the fully developed apical 
polyps of J \£adr* pora* exoecelie tentacles are wanting. Gardiner (11*00, p. 305) also found the 
tentacles to be entoe<elic only in Ctenopsammia. 

In all coral polyps so far described only one tentacle arises from each mesenterial chamber. 
The number of tentacles therefore represents the actual number of mesenteries present, and, in 
general, the number of septa also. None of the species examined shows the stichodaetylinous 
condition so prevalent among tropical Actinia 1 . a 

During extension the tentacles are usually elongated, broad below and narrow above, the 
walls thin and somewhat transparent. Most of the species studied are characterized by a 
white, opaque, knob-like apex, more or less distinct, and constituting a battery of nematoeysts. 
The tentacular stems of coral polyps are rarely smooth throughout, but exhibit round, oval, 
or irregular opaque thickened patches, which, like the apical knob, are aggregations of 
nematoblasts. These are elevated a little from the general surface, but rarely show any spiral 
or other regular disposition. Such restrictions of the tentacular nematoblasts are very excep¬ 
tional among Aetinians, and in this group the knobbed condition is also unusual ( Conjunct Is, 
Coral1 1 morph \ls). 

With the exception of Sidrras-tr&a radians- and aide tea the tentacles of all the species here 
described are simple, while in the genus mentioned the entotentaeles become bifurcated toward 
their free extremity, but the exotentaeles remain simple. 

In the living poly]) the tentacles assume varied positions. During retraction they are 
usually withdrawn within the ealiee, and completely hidden by the overfolding column wall; but 
in some genera. Sldorastrira and Ayarlcla. they remain exposed under all conditions of retraction 
or expmsion of the polyps. In 7b//Ytw and other forms the tentacles may occasionally remain 
exposed on retraction of the polyps though more usually hidden under the retracted column wall. 
Upon expansion of the polyp the organs stand erect or overhang, even to such an extent as to 
nearly hide the column wall; and on the same polyp different cycles may sometimes assume 
different attitudes, as where the inner cycle is erect and the outer overhangs. The tentacles of 
corals rarely display much independent motion when fully extended, compared with the activity 
exhibited by the long- tentacles of anemones. The tentacles of Gladocora and Sideraxtr&a* 
and probably others, possess considerable adhesive power, more especially at the apex; the 
distal part of the stem may also fold round any small object. When small annelids are placed 

« The term is applied to polyps (e. g., Corynactis, Dlscosomn) in which the tentacles are arranged in radial rows, 
so that more than one tentacle communicates with a single mesenterial chamber. The character serves to distinguish 
the tribe tichodactyUnic from other Aetiniaria in w hich only one tentacle communicates with a mesenterial interspace. 
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upon living colonies of Stderaxtnea the tentacles of the expanded polyps at once close upon them 
and prevent their escape. 

The detailed arrangement of the tentacles presents many differences in the various species 
studied. As seen externally, the twelve tentacles of J Didrejtora and Pont** (Pis. 1 and IV) admit 
of no proper distinction into an inner and an outer series, though varying somewhat in size, and 
may therefore be described as acyclic or monocyclic; the apical polyps of the former genus 
bear onh a simple cycle of six equal tentacles. Although forming only one cycle, the twelve 
tentacles in both genera represent two orders, constituted of six entotentacles and six alternating 
exotentaeles, The tentacles of such genera as OrbiceUa , Solenast r&a , Orah'aa, ( r iad<>eor<t, and 
Astra a(/!a, whose asexual method of reproduction is by gemmation, usually exhibit a regular 
hexameral multicyclic arrangement, with the formula 0, 6, 12, 24, etc. Very often the first and 
second orders are arranged so as to form onh one inner cycle of twelve members, with which 
the twelve members of the second cycle alternate; the third cycle of twenty-four alternates 
with both these, and so on. according to the number of cycles developed. Where only twenty- 
four tentacles are present they usually appear as an inner and an outer cycle. 

Very often the hexameral sequence of the tentacles is not complete, especially in (ladacora 
and Axtnnujia. The total number of tentacles in mature polyps of Cladocora arbasoata 
varies from thirty-two to thirty-six, whereas the complete hexameral plan would require forty- 
eight as the next number after twenty-four has been reached. In describing below the 
development of the later tentacles of polyps, it is found that the organs do not arise a complete 
cycle at a time, but in simple or double pairs on each side of the median axis, and in many 
species a tentacular cycle once commenced is not always completed before the polyp attains its 
full size and growth ceases. In such a ease it is clear that any intermediate number of tentacles 
between the commencement of a cycle and its completion may be present. 

Whenever an entoccelie tentacle appears, a corresponding exoccelic member usually arises, 
either simultaneously or shortly after, so that the number of exotentaeles comprising the outer 
cycle is always equal to the sum of the entotentacles of all the inner cycles. Hence in endeav¬ 
oring to establish the cyclic scheme of any hexameral polyp, in which the number of tentacles 
may be intermediate between twenty-four and forty-eight, or forty-eight and ninety-six. 
incoinplotion must be looked for in the two outermost cycles, not in the outermost only. A 
polyp of Ghidoeura with thirty-two tentacles bears the cyclic formula b. 6, 4, lb; one with thirty- 
six tentacles the formula b, 0, 0, 18; with forty tentacles b, 0. 8, 20, where the numbers lb. Ls. 
and 20 represent the exotentaeles. The exoccelic cycle thus increases by the same amount as 
the outermost entoccelie cycle. The order of appearance of the tentacles demonstrates that it is 
impossible to establish hexameral completion for all the cycles until the outermost is reached, and 
then relegate any omissions to this, as is usually attempted. Any omission due to hexameral 
incompletion affects both the exoccelic and the last entoccelie cycles. 

The members of any tentacular cycle are nearly always alike in size, but the tentacles 
usually show a diminution in length in passing from the inner to the outer series, a condition 
expressed by the term entarnueous. The organs in J radrepora and Parties are exceptional in 
that they vaiy in size in a very definite manner in the same cycle, while Orb tall a rad lata offers 
a marked exception to the entaeimeous order. File polyps of this species do not readily expand 
their tentacle's, and hence are not always favorable for observation. When fully extended the 
different tentacular cycles are found to be. widely apart, and the twelve members comprising the 
first eyele are much smaller than those of the next, and even less than the tentacles of the 
outermost cycle*. The* tentacular plan of a polyp of (A rad lata, with three hexamerous cycles, is 
represented on tin* next page. 

Usually the different cycles which constitute the crown of tentacle's are closely arranged in 
a narrow marginal zone, so that basalIy the members of one evelo partly embrace those of the 
next. O, radlata . just mentioned, is again exceptional in that a wide* discal interspace separates 
one cycle from the next, the tentacular crown being unusually broad, encroaching upon the 
peristome. The same feature is also characteristic of the polyps of Slderastnra and Aifaricdi; 
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the cycles are widely apart, and each individual tentueleis distant from the others. In these two 
genera the tentaeuliferons area comprises nearly the whole of the exposed polypal surface (p. 4^7). 

In polyps ay hose asexual method of reproduction is by fission, the hexameral plan, character¬ 
istic of larval polyps, and of adult polyps whose' reproduction is by gemmation, is lost after 
fission is established, and even the cyclic arrangement becomes obscure. In Faria % hophyllia. 
and jranidna individual tentacles belonging to several cycles can be made out. but not with any 
regularity till round. The tentacles in the young polyps are found to be arranged hexamerously, 
but this is altogether lost on mature colonies. Where fission is never or rarely completed, as in 
J livamlrhift and Pctinia* the tentacles are arranged in meandering systems, and only two rows 
are developed, an inner entoccelic series and an outer alternating exoculie series. 
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Fig. 1, 

Tentacular plan of a polyp of Orbierlla radinta , The Roman numerals indicate the orders of mesenteries; D, the directives. The innermost 
cycle of tentacles comprises twelve members which are the smallest of the series. They arise from the entocceles of the first and 
second orders of mesenteries, which constitute the first |cycle of twelve pairs of complete mesenteries. The second, middle cycle 
consists of twelve alternating tentacles, which are the largest represented. They are outgrowths of the en toe teles of the third order of 
mesenteries, which form the actual second mesenterial cycle. The third or outermost cycle is formed of twenty-four tentacles, which 
alternate with the members of the two previous cycles, anrl arise from exoctelic chambers. The species is exceptional in that the 
members of the innermost cycle are the smallest of the series, and also in the wide distance apart of the cycles. 

When tin* polyps retract, the tentacles do the same, and become greatly shortened. In addition, 
many species of corals exhibit the curious phenomenon of complete introversion of the tentacle*, 
even during full expansion of the polyps, as well as on retraction. Both phases are clearly 
illustrated in the tentacles of Pnrit&< (tigs. 30. 33. 40). At times the polyps in this genus will be 
expanded to their full degree, without any display of tentacles; twelve small, more opaque, 
circular areas, sometime* showing a central aperture, are all the external indications of their 
presence, while the local increased opacity indicates that they have become, invaginated within 
the eudenterie cavity. At other times one or more individual tentacles of a polyp may be 
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protruded, while the vest are inturned. The process of introversion and subsequent extension 
has been actually observed on the expanded polyp. The movements of the tentacular walls, 
inwardly or outwardly, take place so slowly that they can be readily followed, the process some¬ 
what resembling that seen when a glove finger is indrawn and afterwards pushed out. The 
alternations ma\ be continued for some time. Likewise on retraction of the polyps the tentacles 
of Poritrs are, as a rule, introverted, instead of remaining merely exposed or covered by the 
column wall; and on preserved colonies very small apertures can be detected with a lens at 
the place of introversion. In longitudinal sections through such polyps the apical knob of the 
tentacle is deepest within the gastro-codomic cavity, and is directed outwardly, while with regard 
to the walls themselves, the ectoderm is internal and the endoderm external, a reversal of the 
ordinary condition. These conditions are clearly shown in tig. 40, representing a vertical section 
through a polyp of Porites axtrveoidcs* No ovcrfolding of the column wall has taken place on 
retraction, so that the tentacles communicate directly with the surface of the colony. 'Three 
introverted tentacles (/) are present; the one to the left is divided radially, so that the section 
includes its aperture of communication with the exterior, while the two to the right are tangential 
sections, and therefore do not display the external opening. Again, in tig. 30, representing a 
transverse section through the stoinodival region of the same species, seven introverted tentacles 
are seen in section, almost completely occupying the mesenterial chambers, and exhibiting 
a reversal of the ordinary relations of ectoderm and endoderm. In other polyps sectionized a 
variable number of introverted tentacles has been met with. The apex of the introverted 
tentacle may extend as far inwardly as below the inner termination of the stomodamm, so that 
accompanying the introversion very little diminution in the length of the stem has taken place. 

Among the living expanded polyps of J la<h\]>ora also complete tentacular introversion is 
often observed, in both apical and radial polyps. In the former six slight opacities around the 
margin of the transparent disk remain to indicate the tentacular area; later, the tentacles may be 
observed to protrude, either all together or successively. 

During the retracted condition of the iissiparous genera Munichut, J hmndrina, and 

Is'ophijlUa it is sometimes impossible to discover any tentacles externally. When sections are 
made, however, the organs are found to he introverted, occupying both the entoccelic and 
exoecelic mesenterial spaces. 

In addition to actual introversion, in which all parts of the tentacles are still determinable, 
a condition is often presented in which the stem wholly disappears, becoming a part, as it were, 
of the discal wall. 

lletracted tentacles of Sid< raxtnra and AijiU'icin* for example, are usually represented by only 
a slight tubercular elevation of the disk, which is the knob or swollen apex, while tin* stems have 
wholly disappeared in the disk (PI. XXIII, figs. 154, 155. and PI. XXIV, tig. 103). In micro¬ 
scopic sections the former are displayed as mere ectodermal thickenings, charged with nemato- 
evsts, and no differentiated can be found whereby the tentacular stem can be distinguished from 
the discal wall. 

Among the fully expanded polyps of OrbiaAUt anmthiris the two cycles of short tentacles 
often wholly disappear. Hero, again, it appears as if the tentacular tissues were not introverted, 
hut rather have become involved in the greatly expanded margin of the disk; slightly raised, 
triangular areas, representing the apical swellings, are all that can he observed of the organs. 
On full extension of the adult polyps of Ahtnidnu areolata the tentacles likewise may he 
wholly wanting, their walls having become part of the expanded disk. Thicker, more opaque 
discal spots, which are the only evidence of their former presence, represent the liematocyst- 
bearing eapitulum. In the young polyp of J lanieimt displayed in section oil PI. XIX, tig. 137, 
the tentacle appears only as a thickened, nematocyst-beariiig area of the polypul wall. Occa¬ 
sionally in Poritts astnroidcs tentacular disappearance, as contrasted with tentacular introversion, 
may be also observed. 

Of previous observers, Fowler (1888, p. 11) has described and figured the introversion of 
the tentacles in Seriatopora sulndata . Von Ileider (1880, p. 15S) has described in Astro ides 
adi/eularis the opposite condition, in which the intertentacular portions of the disk have been 
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drawn within the mesenterial chambers of the polyp, while the tentacles remain directed 
normally outward. The introverted disk in von 1.1 eider's figures presents in transverse and 
longitudinal sections much the same appearance as the introverted tentacles of in figs, 30 

and 40 , that is, the ectoderm is internal and the endoderm external. In many instances of 
strongly retracted polyps the tentacles are found greatly depressed or introverted as integral 
parts of the disk. I fiscal infolding is noticed more fully on p. 434. 

From all these examples it is manifest that the phenomenon of tentacular introversion in 
both expanded and retracted polyps, and of disappearance in the diseal wall of fully expanded 
polyps, are very general among corals. They probably serve to explain the statements of some 
of the older observers that tentacles are wanting in certain species of corals. 

(4. von Koch (1830, p. 330) has found in the contracted polyps of the Alcyonarian, Iihi*o,Tenl(t 
rosea, that, in addition to the infolding of the disk and upper part of the column, the tentacles 
undergo invagination, but only for about half their length; the proximal half still preserves the 
normal relationship of outer ectoderm and inner endoderm. This is undoubtedly similar to the 
process described above, only the introversion is not continued to the extreme limit, as in Por!t< s. 
In the living expanded polyps of the coral A*troi<les cahjcnhtris^ von Koch has also observed that 
the terminal part of a tentacle is often drawn inwardly toward the basal part, and again pushed 
out, the movements somewhat resembling the drawing in and pushing out of a telescope tube, 
and continuing for some time. 

An explanation of tentacular introversion does not seem readily forthcoming, for beyond 
the usual ectodermal longitudinal and endodermal circular fibers no special musculature is dis¬ 
coverable whereby the movements may be produced; further, a decided individuality is exhibited 
by the various members comprised in the cycles. One may surmise as a cause a difference in 
the hydrostatic pressure between the internal cavity and the exterior, owing to variations in the 
circulation of the nutrient fluid within the colony. But this would not account for the fact that 
the polyp itself may remain fully expanded, and only certain of the tentacles be invaginated. 
while the others remain extruded. 

The disappearance of the tentacular walls in the discal tissues seems more easy of explana¬ 
tion. Structurally the tentacles in the Madreporaria are rarely the important differentiated 
diseal outgrowths which they have become in most Actiniaria, and when the polyps attain their 
full expansion it can readily be understood how the tentacular walls may become involved in the 
discal expansion, and lose the distinctness of their walls, the thick apex only remaining to indi¬ 
cate their former presence. The tentacles are originally outgrowths of the disk, and can again 
become part of it. the thickened apical knob remaining as the only evidence of a special differen¬ 
tiation. 

Histology .—Histologically the walls of the tentacles present few characteristics which do not 
occur in the column wall or disk. Such peculiar features as they display have reference to 
their function as stinging organs. Transverse or longitudinal sections of most species exhibit 
marked inequalities in the thickness of the ectoderm, the broader regions representing special 
nematoeyst areas. The thickenings correspond with the more opaque areas on the tentacular 
walls in the living condition, and are best seen in sections made from tentacles in the expanded 
condition, as in the retracted examples the wider nematocyst regions tend to overlap the inter¬ 
vening narrow areas (PI. VI, fig. f>0: PI. X. fig. 75). The largest battery of stinging cells is 
at the apex, and here the outermost zone is constituted almost wholly of neinatoblasts. By 
focussing with a high power around the free edge of a nematocyst area, triangular or thread-like 
enidocils can usually he discerned, especially in the living tentacle, and cilia may he present over 
the whole tentacular surface (PI. II. fig. 10). 

The nematoeysts in the tentacles are mainly of the long, narrow, thin-walled form, with the 
spiral thread closely coiled (PI. XVII, fig. 12b/). Other thin-walled forms -small and oval, or 
largo and oval with a loose spiral thread may occasionally occur, but are never so (characteristic 
as the former. In the deeper parts of the ectodermal layer, brightly staining, apparently homo¬ 
geneous bodies are generally seen, which represent nematoeysts in various stages of development. 
At first they are irregularly arranged at almost every angle with the surface, hut as they reach 
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maturity they migrate to the periphery, and arrange themselves in a vertical direction, parallel 
with the other cellular constituents. 

A weak longitudinal ectodermal musculature seems to be always present, the cut ends of 
the fibrils being displayed in transverse sections, and most pronounced toward the proximal 
extremity. In some species—e. g.. ( Y ladocora , J [iflrejto/uu and probably others—a distinct 
nerve layer also occurs, situated some distance from the. mesogloea (PI. II, tig. 10 ///•. /.). The 
ectodermal gland cells and supporting cells are practically the same as in the column wall, 
but the. former are less numerous. 

The tentacular mesogloea is always a very thin layer, usually smooth on both surfaces, while 
the endoderm is comparatively broad with irregular internal limitations. The endoderm is 
generally richly supplied with zooxanthelhe, but the alga} are absent from Phylhtnyta* Axti'nnijia % 
and certain of the tentacles of J lad report. In all instances a weak circular musculature is 
developed, but the mesogkea is rarely folded to atlord it additional support, as in the larger 
tentacles of Actiniums. The lumen is preserved, even in full}’ retracted tentacles. 

The tentacles of several genera present so mam peculiarities of form and arrangement as to 
call for special description. 

TENTACLES OF MADREPORA AND WRITES. 

'The tentacles of the polyps of 3lath'<p<mt and /b/vVc-v are exceptional among the genera 
studied in that they are, with certain exceptions, only six or twelve in number, and in the 
adult usually exhibit constant variations in size. The tentacles of the apical polyps of 
J [«h % *pnra will he first described (tig. 1, <i % b). In the most typical instances only six tentacles 
occur, all equal in size, and communicating with the entocuelie chambers. They are widest at 
their origin in the margin of the disk, where a considerable interval separates one from another, 
and terminate either acutely or in a rounded manner. The surface is smooth throughout, no 
indicating spots being visible. 

Polyps with such a tentacular system are found at the apex of the long established branches of 
colonies of both the palmate and arborescent types of growth. On polyps at the ends of short, 
rapidly growing branches, rudiments of other tentacles also occur, alternating with the members 
of the first order. In regions of vigorous growth, as at the margin of palmate colonies, it is 
found that certain of the ordinary polyps, bearing the full complement of twelve tentacles, may 
become larger and assume an apical character, and among these the separation of the tentacles 
into an inner and an outer cycle can be recognized. Sometimes, only two or four of the six 
members of the outer cycle will be present, always much smaller than the entotentacles. All 
stages in the diminution in number and size of the outer exocoelic tentacles are, however, 
represented, according as the. polyp lias recently assumed or long maintained the apical position; 
at the same time, the six members of tile inner cycle become larger and more equal. 

From all the variations observed, it is clear that on any polyp taking on the axial condition 
the six exocaelic tentacles, present on all the radial polyps and smaller from the beginning, tend 
to completely disappear, and only the six entoeoelie members ultimately remain, becoming at the 
same time larger and equal. Like the other regions of the axial polyp, the tentacles are perfectly 
colorless, owing to the absence of zooxanthelhe, and are not often seen fully expanded. 

Among the fully developed radial polyps of Mailr* port* twelve tentacles occur; rarely, the 
number may be increased to sixteen, eighteen, or as many as twenty-four. The usual forms and 
arrangement, are given on PL 1, tig. 1 {d .-//.). The separation, as regards distance from the renter 
of disk, into two alternating cycles of .six each, is not clearly defined, but the members of one 
series are always larger than those of the other. The anterior or abaxial tentacle, adjacent to 
the nariform apex of the corallite, is longer and stouter than any of the others, and colorless, 
except toward its origin. It may be nearly twice as long as the others, and stands out very 
prominently; even in partly retracted polyps, when the tentacles arc arranged vertically, it 
easily overtops the rest (r.). The opposite or axial tentacle—that is, the one adjacent to the stem 
is the next in size, but ditiers very little, sometimes not at all, from the four large lateral 
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tentacles. These four, two oil each side of the median plane, are approximately equal. Later, 
in describing the relationships of the mesenteries of Madnpora* it will be seen that the large 
anterior ahaxial tentacle is dorsal or suicidal* in position, while the opposite axial tentacle is 
ventral or sulear as regards the polyp as a whole (p. 444). 

Of the smaller alternating series of six tentacles the ahaxial laterals (one on each side of the 
large ahaxial tentacle) are always the smallest, and are generally colorless throughout. The 
middle laterals come next in size, and the axial laterals may be a little smaller than these. The 
difference in size between the middle and axial laterals is, however, often scarcely perceptible; 
hut the four are always larger than the two ahaxial laterals, and are more deeply colored. In 
polyps near the apex of growing* branches all the tentacles may be colorless. 

As far as can he made out in the living state, the tentacles of the very minute, intercalary 
polvps are uniform in size, and in regions where the corallites possess a circular, free edge 
the tentacles tend to become more uniform in size. Che large ahaxial tentaele. is always best 
developed in polyps where the eorullite has the most marked nariform projection, as in J/. 
C'rrtcomts; undoubtedly, there is a relationship between the form of the month of the corallite 
and the amount of inequality among the tentacles. 

In L. Agassiz's Report on the Florida Reefs (FI. XVIIl) an outline figure of an expanded 
terminal polvp of M*t<l i\ pora eendeom'tx is given, in which six large equal tentacles alternate with 
six much smaller tentacles, likewise equal. Such a stage is occasionally met with on young 
branches, but is to be regarded as transitional to the stage in older branches with only six equal 
tentacles. On the same plate are also outline figures of expanded lateral polyps from near the 
tip of a branch; as there lepresented the ahaxial aspect is uppermost. 

Prof. A. E. Yerrill (I8b9) was the first to draw attention to this variation in the external 
characters of the axial and radial polyps of J hulre pom* and regarded it as the only instance of 
dimorphism among the Madreporaria. The apical polyps are seen, however, to be derived by 
modification of the radial, and, as will be shown later, the internal anatomy of the apical and 
radial polvps presents no differences corresponding with those of tin* tentacles, so that the 
dimorphism is not very deep seated. 

The tentacles in all the West Indian species of Ponte* are, like those of Madreport /, usually 
twelve in number. Developing polvps exhibit a less number, and others occasionally occur in 
which the number may be fourteen, sixteen, or as many as twenty-four. On the colonies no 
distinction is to be made between apical and radial polyps. The tentacles of all the polyps 
are extremely small, smooth-walled, and digitiforni. rarely exceeding 1 or 2 mm. in length. 
Viewed with a lens, in their fully expanded condition, or even when introverted, they appear to 
constitute but one cycle, and very often differences in size are recognizable of the same character 
as in M<tdrrj)<>r<t (PI. IV, tig. M2). The two tentacles in the longer oral axis are somewhat 
larger than the others, and one of these, corresponding* with the ahaxial in Madn ponu is 
somewhat longer than the other; the tentacles situated one on each side of the largest aiv likewise 
the smallest of the twelve. Both P. ehu'ftria and P. fureata exhibit this bilateral arrangement, 
but in such minute polyps the differences arc not so decided as on the larger polyps of Mmh'rpova ^ 
and are not obvious on all the polvps of a colony. In P. <t$ti*<ecdd<x the twelve tentacles are 
usually equal in size. 

It is shown later (p. 4M1), that this regular variation in the size of the tentacles of M<tdr* p<>ra 
and Pnrdrs is to be explained as the retention in the adult of a well-known larval stage passed 
through in the development of the tentacles of certain Actiniaria. and is also associated with a 
primitive condition of the internal mesenteries. 


TENTACLES OF SIDERASTILEA AND AltAKTCIA. 

The tentacles on tin* polyps of the genus SUln'axtnrH are so small as to he scarcely distin¬ 
guishable with the naked eye. especially when retracted; but hv careful examination with a lens 
their disposition and character can be made out. Observations have been made upon the organs 
in both X radian* and X .s/d< rt<t. Instead of being* closely arranged in a narrow peripheral 
zone. a> in most corals and anemones, the individual tentacles are widely separated from one 
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another, and occupy nearly the whole of the exposed poly pa l area (PI. XXII. fig. 15u), In the 
living condition each appears to arise either directly over or near the centripetal termination of 
the septum with which it corresponds. The cyclical arrangement is difficult to establish, and in 
many instances this would be impossible without the assistance from the septa which can be seen 
below through the soft tissues. 

On full expansion the inner tentacles are found to consist of a short cylindrical stem, which 
bifurcates a little beyond midway, each half bearing* a spheroidal enlargement at the apex; the 
outermost tentacles, however, are simple, consisting of a short stalk, terminated by a knob-like 
swelling (PI. XXII. tig. 151). Thus in Si</eiwtiw<( there is a true dimorphic condition of the 
tentacles, apparently the only instance of such among the Madreporaria, if we except the 
differences between the radial and axial polyps of Jladreporu. In the course of the development 
of the young polyps (p. 533) it has been ascertained that the inner tentacles are at first simple, then 
afterwards another moiety arises over the same mesenterial chamber, and finally a common stem 
is produced, which bears the two halves at its extremity and raises them above the disk. 
Ontogenetically, therefore, the bifurcations represent distinct and separate formations, and only 
later constitute an entire tentacle. 

Subsequent examination of sections confirms what would be expected from the external 
relationships, namely, that the bifurcated inner tentacles are all entoeadie in position, while the 
simple outermost tentacles communicate with the exocades. In the nearly mature polyps of a 
colony, however, some of the entoeadie tentacles may be simple, but such are merely examples 
in process of development. The exocadic members are never double. 

On retraction of the polyps the disk and tentacles remain uncovered, the column wall in 
Sider<i$trwa being incapable of over folding'. The tentacles are now represented by minute, 
simple and double tubercular enlargements, scattered over the greater part of the polvpal wall. 
Microscopic sections reveal that the stems are no longer determinable as such, having become 
involved in the discal tissues, while the knobs remain as mere ectodermal thickenings (PI. XXIII. 
figs. 15d, 155). The apex of the exocoelic tentacles occurs as a simple swelling of the disk, 
di rectly overlying its corresponding septum, while the two knobs of the entoccelic tentacles are 
disposed one on each side of an entoeadie septal ridge, the two halves connected by a tissue 
similar to that of the disk, which manifestly represents the stem of the expanded tentacle. 
The ectoderm of the knobs includes a peripheral layer of long narrow nematocysts, and is thus 
easily distinguished from the rest of the disk. 

Both N, radium and $. sidweit are further characterized by the tentacles being apparently 
arranged in only approximate cycles, and by the occurrence of a comparatively wide interspace 
between one cycle and another. The imperfect cyclic disposition results from the presence 
of tentacles intermediate in position between the true cycles, and on the actual polyp it is 
often very puzzling, if not impossible, to say to which cycle some of the tentacles should be 
relegated. Polyps are found with from five to seven or eight tentacles, which, so far as their 
position is concerned, must be regarded as belonging to an inner cycle, and the remaining 
members seem to come in irrespective of any cyclic plan. In mature polyps of both species 
three more or less complete alternating cycles of tentacles are actually present, in addition to 
the outer single-knobbed cycle. The members of the latter being situated near the polygonal 
periphery of the polyp are rarely included within a circle. 

When studied in conjunction with tin 1 underlying septa an approximate tentacular regularity 
can be established, as in fig. 150. The innermost cycle comprises six double-knobbed tentacles, 
separated by a wide interspace from the members of the second and third cycles, and these latter 
cycles are separated from the outermost cycle of single-knobbed tentacles. It is manifest 
from the figure that the tentacles correspond with the septa, and not all the twelve members 
necessary to complete the third cycle occur. $. radians appears to never complete its third 
cycle of mesenteries, tentacles, and septa, while in N. stdcreu it is occasionally reached or even 
exceeded. In fig. 150 only one member is wanting to complete the third cycle of entotentacles. 

The apparent irregular disposition of the tentacles in this genus becomes explicable on a 
knowledge of the development of the mesenteries and their corresponding septa, or rather the 


MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 


42 C J 


two illustrate the sumo fact. In both .species studied six pairs of perfect- mesenteries form the 
first cycle, six alternating pairs make lip a second cycle, and there may be twelve pairs forming* 
a third cycle. As just mentioned, however, this last cycle is rarely completed. Further, an 
examination of the macerated skeleton shows that in very few instances is tin* full complement of 
septa, viz., <», <>, 1 l\ 24, present. Csnally in N. roddm* only a few pairs of th? third-cycle 
mesenteries occur, the number varying with the size of the polyp, while in the larger N. siderca 
nearly all the pairs are present, and even some members of a fourth cycle. 

This incomplete cyclic development in the case of the mesenteries is repeated in the last cycle 
of entoeudic tentacles, and, the organs being widely apart, the imperfection of the cycle becomes 
more pronounced externally. With few exceptions the hexameral plan can Ik* traced only as far 
as the first and second cycles. The third cycle may comprise any number of members from one 
to twelve, while the outermost cycle of simple tentacles contains the sum of the members of all 
the three inner cycles. Further, there is a tendency in most species of corals for the two inner 
cycles to constitute hut one cycle of twelve, in the same way that as the polyps increase in size 
the mesenteries of the second cycle tend to unite with the stomodaaim, and the first two orders 
of septa form only one cycle. 

A considerable discal space intervening between the different tentacular cycles in Siderustr&a* 
as compared with most other corals, it is clear that the two conditions alluded to above find their 
outward expression in individual tentacles occurring at varying distances from the center of the 
disk, and thus giving rise to the characteristic irregularity. In a fully developed, long-estab¬ 
lished polyp, the cycles are more regular than in a young individual. Moreover, were the cycles 
of tentacles in other coral species to he separated by such comparatively wide discal interspaces, 
instead of being arranged closely in a narrow zone, similar cyclic irregularities would be more 
generally noticed. 

The arrangement of the tentacles in Ajarieia very closely resembles that characteristic of 
the genus Siderastraaa. but the organs are never bifurcated, and are not distinctly stalked. They 
remain exposed during the retracted condition of the polyp, and during ordinary retraction 
can usually bo seen as more pointed or triangular tubercles, but when expanded they become 
more digitifonn, with an opaque white area at the apex. They are often brightly colored 
by comparison with the rest of the polvpal wall. In several colonies of the form I identity 
as Agneie'm fragM*. I was unable to determine the presence of any tentacles in the living 
condition, even with the aid of a lens. In sections through the disk they are. however, 
recognizable as slight, nematoeyst-bearing thickenings of the ectoderm (PI. XXIV, fig. 103). 
The organs are better developed in Agartcia agaricites. 

As in Sidentxtr&it* the individual tentacles are widely separated from one another, and are 
distributed over nearly the whole diseal area, one above the apparent centripetal termination of 
each of the larger septa. No tentacles occur over the members of the smallest cycle of septa, 
which transverse sections demonstrate as exoecelie. in this absence of exoccelic tentacles the 
genus Agenda is unique among the forms here studied, with the exception of the axial polyps 
of J ladr* p<>r<t. 

The majority of the tentacles are arranged so as to form an inner cycle, but. the number 
composing it is variable, and the cyclic character is only approximate. Outside there are a few 
scattered examples at different distances from the center, suggesting no cycle relationship. 
The number in tin* inner cycle varies from five to nine, while the total number in any polyp may 
be from thirteen to twenty-four. 

In Agarictti mesenterial increase appears to be in constant progress, corresponding with the 
growth of the individual polyp, though in no regular cyclic manner. Similarly with the 
tentacles: the inner cycle includes all the older tentacles, and outside this are the later-formed 
members which appear irregularly. Probably it is best to regard the tentacles as acyclic, no 
exotentacles being developed. Counting the tentacles of many polyps gives odd numbers as 
often as even, while in tin* case of species with exocieiir tentacles even numbers predominate. 
The irregularity in the disposition of the tentacles in Agariein should he compared with the 
irregular arrangement of the mesenteries represented on PI. XXIV, tig. 1G1. 

Vol. 8 X<>. T -3 
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G. C. Bourne (lx$7). in his papier: " The anatomy of the Madreporarian coral Fungia," 
refers to the disposition of the tentacles in that genus. His figure of Fungia (PI. XXIII) .shows 
a wide' interspace between the dillerent cycles of tentacles, as is found to be the case in the much 
smaller polyps of 8i<h nixtrad and Agaririu. Evidently, the character may he taken as of some 
diagnostic importance within the Section Fungacea. Bourne casts suspicion upon the accuracy of 
Dana's description and figures of Fungi" (Zoophytes, Wilkes Exploring Expedition, and 
Corals and the Coral Islands), which represent an irregular distribution of the tentacles at 
intervals over the whole of the large disk, as does also the figure of Quoy and Gaimard in 
Yovage de la corvette V Astrolabe. The results from Siflentxtnnt and Ayaricla* detailed 
above, prove that an irregular appearance in the disposition of the tentacles is by no means 
uncommon in the Fungacea. The regular cyclic disposition, whim really present, can often be 
established only after a long acquaintance with the forms, and under favorable conditions of 
(expansion or retraction. 

The figures of the fully expanded polyps of Shhnts'lned* accompanying' Agassiz's Florida 
Reefs (lxxo, PI. XV., tigs. f>, 7), indicate an irregular tentacular arrangement in both cases, 
and such would probably be assumed by any observer on a casual acquaintance with the polyps. 
The appearances given the tentacles in Agassiz's figures were rarely met with in Jamaican 
specimens, but the dimorphism is clearly shown on some of the members, and is referred to by 
Pourtales in “Deep Sea Corals" (1X71). 

ORDER OF A1TRARAXOE OF 1 *KOTOTEXTA(■ LEX. 

In corals whose development has been studied suflicicntly far, the tirst tentacles are found to 
make their appearance within a few days after the fixation of the larva. The number of tentacles 
first to arise corresponds as a rule with the number of internal mesenterial chambers already 
established, the tentacles being outgrowths from them. Generally, in coral larva?, the twelve 
primary mesenteries, with their corresponding chambers, are developed either at the time of 
fixation or shortly after, and the twelve primary tentacles appear cither simultaneously, one 
from each mesenterial chamber, or one cycle lna} uri.se in advance of the other. In the latter 
ass the inner cycle of entoeudic tentacles usually appears first, and the exocudic members next, 
but in Sirfrt'itsfnt'd radian* this order is reversed (p. 533). 

The establishment of the tentacles serves to delimit for the first time the-larva into two 
regions—disk and column; and with this the larva may be considered to have become the polyp. 
The part of the poly pal wall bearing the tentacles and mouth is the disk, and the region outside 
or below is the column. The former becomes more or less flattened, and constitutes the free oral 
extremity of the polyp, as opposed to the fixed or basal aboral extremity, while the column is 
vertical and remains more or less cylindrical. 

The actual appearance of the primary tentacles lias been observed as follows; The lame of 
Astroith's cahjcnlari*. examined by Lacazo-Duthiers(lS7J), presented twelve tentacular prominences 
at a very early stage after fixation. During the development of Curyophyllia njai/tu .s. G. von 
Ivocli (1S‘>7) found that in most cases the two primary cycles of tentacles appeared simultaneously, 
though sonic of his observations seemed to indicate a successive origin. Yon Koch's figure 
(p. 7bu) of the young polyp, at the stage when the prototentacles are. all developed, represents the 
members of the inner entoeudic cycle as smaller than those of the outer oxomdic cycle, but in tlie 
text tin? author states that they an* larger. Laeaze-Duthiers (18b7), in his recent paper on tin* 
corals of the Gulf of Lyon, gives many figures illustrating the early development of Bala/ajp/tt/JHa 
regia. From the beginning two alternating cycles of large and small tentacles are indicated, and 
no reference is made to any intermediate stage. The same author (IXhd) mentions six tentacles 
as occurring at an early stage in the development of Fhthulium anthophylltun. and later figures 
the complete twelve. 

Young polyps of J lanicina areolato. which 1 was able to rear to the stage with twelve tentacles, 
were also characterized by the simultaneous development of these organs. When first- defi¬ 
nitely recognizable under the microscope, after a period of fixation of about fourteen days, two 
cycles were present, nearly equal in size (PI. XIX, tig. 135). In two or three young polyps, from 
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a lnitch of larva* of Fa Faj\ray ton , only six primary tentacles appeared simultaneously, a Font 
four days after the larva* were set fret*, and in other larva* reared later the members of tho inner 
cycle appeared in advance of the outer (PI. Xl\\ tigs. 10(», loT). 

So far as 1 can discover, Shi* raxtrwa nnlians is unique among both corals and Actinians in 
that the first tentacles to arise art* the six exocoelie members. This relationship was established 
in scores of instances, and no exceptions whatever were observed, so that it must be regarded as 
characteristic of the species. The six members wen* developed simultaneously a few days after 
fixation of the larva*, and two or throe weeks elapsed before tin* members of the entocudie eycle 
began to appear. These were situated central to tin* first eyrie, and in most cast's the six appeared 
together, but a few exhibited a successive order, though of no regular character. For a long 
time tin* newer tentacles remained smaller than the older, the usual cntaetmeou.s order being 
thus reversed. 

On the completion of the prototentaeular stage, the relationships of the tentacles and 
mesenteries are as follows: The twelve primary mesenteries only have appeared, eight of which 
are complete and four incomplete, and tho tentacles are outgrowths from the twelve mesenterial 
chamber*, one from each. The six larger tentacles constituting the inner cycle are situated over 
the six entocceles, and the six smaller tentacles of the outer cycle over the six exocades. 

The rule that the tentacular sequence is associated with the stage reached in the mesenterial 
development was first demonstrated by Lacaze-Duthiers (1*72) in the larva* of Art In at equina. 
The primary mesenteries in this species wen* found to appear in bilaterial pairs, according to a 
regular sequence, and the tentacles conformed to this. Thus from the dorsal chamber, the 
larger of the two produced on the appearance of the first pair of mesenteries, appeared a 
large tentacle, and from the ventral or smaller chamber a smaller tentacle, both in the axial 
plane. As tin* later pairs of mesenteries arose and chambers were formed, corresponding 
tentacles appeared in a bilaterial manner until the twelve were established. The primary 
tentacles in A. equina retained the bilateral symmetry for some time, but ultimately this was 
succeeded by the adult condition, in which the tentacles in any cycle are equal in size. 

All corals so far investigated, however, are pro\ ided with twelve fully established 
mesenteries (eight complete and four incomplete) and mesenterial chambers before the ten¬ 
tacles begin to make their appearance. Hence, tin*re is rarely any successive development in 
their tentacular outgrowths, but the members of one or both cycles arise simultaneously -one 
from each chamber. Where in Actinian larva* less than twelve mesenteries are present, the 
number of tentacles shows a corresponding diminution. Thus in larva* of Lebranla rural!ijens 
only eight of the primary mesenteries were developed at the. time of fixation, and but eight 
tentacles appeared -in this ease four large and four small. For nearly a week no increase of 
mesenteries took place, and the tentacle*, though modifying their comparative size, remained of 
the same number. Some of tho Actinian larva* studied bv Lacaze-Duthiers also showed only 
eight tentacles for some time, and Fanrot (IStbi) has obtained similar results. 

A few observations have been made upon tin*, appearance of the tentacles in budding polyps. 
In the earliest stages determinable in buds of Puntrs- and JA nlrepom*, only six minute protuber¬ 
ances can be distinguished, two median and four lateral, differing somewhat in size. Older buds 
with eight or ten tentacles may also be found. Such instances merely suffice to indicate that the 
prototentaclcs of the bud do not arise simultaneously in the two genera mentioned, but in 
median and then in successive Li lateral pairs. The buds, however, are so minute as not to 
permit of more detailed examination in the living expanded state, and scarcely anything can be 
ascertained from preserved colonies. 

The bilateral condition of the tentacles in the adult J ladrojora and /b/vVr.v, already referred 
to, is full of suggestive ness from what is known of the tentacular development in the Actiniaria. 
Lacaze-Duthiers (1*72) ha* shown that in Aetinla eqalna an axial tentacle first appears, and that 
for a long time this remains larger than the others, which arise in successive bilateral pairs/' Ilis 

<t 1 >r. A. Appelluf < 1900, p. 79 ) doubts the accuracy of Lacaze-I Hithiers’ account and figures of the development of 
ihe tentacle* in Artinia e<jiuna, which have been accepted almost as classic. Amonir hundreds of larvie of this species 
investigated by him, AppellOf has never met with the succession and proportional size of the tentacles indicated by 
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litrnro of the larva, at the stage where twelve tentacles are present, should be compared with the 
figure* of the tentacles in the adult polyps of J [a<lr*pora and Portia s, on Pis. 1 and IV. It is.seen 
how very closely they agree in the relative sizes of the tentacles, and especially in the promi¬ 
nence of one of the axial tentacles (the dorsal of Laeaze-Duthiers\ the abaxial of AIaih\’por<i)\ 
also, the small size of the tentacle on each side of this. Since the publication of Lacaze-Duthiers 
results somewhat similar phases in the appearance of the prototentacles have been obtained in 
other Aetinians. In the Actinium Lrlmnxht rondlic/ehx* l have shown (1899) that a bilateral stage 
with a large dorsal or sulcular tentacle is assumed even after a primary tetrameral radial phase. 
Occasionally anemones are come upon in which the primary large tentacle is retained in the 
adult, and in certain Sagartids occurring in Kingston Harbor the organ displays remarkable 
motile powers. 

All the facts go to prove that the adult bilateral condition of the tentacles in Aladrrpora and 
Poritc* is to be regarded as the retention of a larval stage oecasionally passed through by 
Actiniaria, 

METATENTACLES. 

No description is available as to the manner of appearance of the tentacles in any young coral 
polyp beyond the two cycles of prototentacles. The few observations l have been able to make 
indicate that the metatentacles appear practically simultaneously with the nictacnemes, an exo- 
cudic and an entoco?lie member together, as in Solcnuxtrtm (fig. 83); or the entocudic tentacle may 
arise in advance of the exoccelic, as in the young polyp of Farm (fig. 109); Shivrastraa radians is 
again exceptional in that its exoecelic metatentacles arise before the corresponding entocudic 
organs*. 

Yen definite accounts of the order of appearance of the tentacles in Actinia 1 are given by 
Professor Lacaze-Duthiers (1872), and also by Dr. L. Faurot (1895). By these writers it has 
been shown, in numerous instances, that the tentacles beyond the two first cycles arise in pairs, of 
which one member is entoeoelic and the other exoccelic. The entocudic tentacle grows more 
rapidly than the cxoceelic, surpassing indeed the members of the outer (exocudic) cycle of proto¬ 
tentacles. The exoccelic metatentacle attains the same size as the exoccelic prototentacles, and 
when the former are all developed the two series together are comprised in the third cycle, the 
second cycle now being formed of the entocudic metatentacles, which rank next in size to the 
entocudic prototentacles. 

The stages passed through will be best understood from the accompanying figures (fig. 2), 
taken from FaurotV “Etudes." The process is that followed in Teal!a felhia* 

ORAL DISK. 

The oral disk is the more or less flattened distal termination of the polyp. It includes and is 
bounded peripherally by the tentacular zone, and bears the oral aperture in the middle. In most 
species the cycles of tentacles are closely arranged, and comprised within a narrow marginal 
region, while the more central area of the disk, known as the peristome, is naked, and may be 
depressed, fiat, or elevated in a cone like manner. 1 he tentacle* on the disk of Shlerastr&a and 
Agavhda are comparatively widely apart, and the naked area is correspondingly diminished; the 
tentacular zone in Orhh-clht acmpora also occupies a large proportion of the disk (fig. I, p. 423). 
The discal walls are often delicate and partly transparent, and permit of the septa being seen 
through; like the column wall, the external surface may be smooth or verrucose. Usually 
numerous radiating grooves occur, corresponding with the internal mesenteries; the grooves of 
the complete mesenteries extend as far as the center of the disk, while those representing the 
incomplete mesenteries stretch only part way. 

Lacaze-Duthiers; usually eight tentacles arise, practically simultaneously and equal. Knowing the great variability 
often exhibited by Anthozoan larva*, according to the developmental stage at which they are extruded, it seems to 
me not unreasonable to suppose that even the same species may present such wide variations as those given by 
Lacaze-Duthiers and by Appellbf. The agreement of Lacaze-Duthiers’ figures of J equina with those representing 
the tentacles of Madrepora and Parties is certainly suggestive. 
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In simple polyps, and where asexual reproduet ion takes place by columnar gemination, the 
disk is circular or sliyhtlv oval, and bears only one central month; a complete tentacular system 
belongs to each individual, and forms a closed circle. Rut where increase takes place by incom¬ 
plete tissiparity the disk becomes large and irregular in outline, and as a rule bears more than 
one oral aperture, the whole surrounded by a complex tentacular system. In genera like 
JLmiciaa wnd J l^andrina the disk is represented by irregular, meandering, flattened areas. 

During the retracted state of the polyps the disk is depressed, its peripheral border resting 
upon the edges of the septa. On very strong retraction the interseptal diseal areas may be 
drawn much below the level of the septal edges, and invade the polvpal cavity as mesenterial 
funnels—" Septaltriehter" (see below). As a rule, the retracted disk is almost entirely hidden 





Fig. 2. 

One of the six tentacular systems of an Actinian polyp, illustrating the order of development of the tentacles, from the stage with twelve 
to the state with forty-eight tcntaeles, in their relation with the mesenterial chambers, a, Sextant with two entocoelie prnto- 
tentaeles (1.0 ami one exoccelie prototentacle (A). 6, Two rudimentary tentaeles have appeared, one (II) from the entocnele and 

the other t R) from the exoccele of a new pair of metacnemes. c, The new entocoelie tentacle (11) has now become larger than 
either of the exoecelie tentacles, but is a little smaller than the cntoccelic prototentaeles (I), and constitutes the second cycle of tentacles, 
while the exoecelie tentacle* (A. B't constitute the third cyele. d, Rudimentary tentacles (c. 111:111, c) have appeared in association with 
the entoeceles and exoeceles of two new pairs of second-eyele metacnemes. e, The entoeielie tentacles (III, 111), incipient in d, have 
now become larger than all the exoecelie tentacles, but are less than the member of the second cyele of tentacles, and constitute the 
third adult cyele of twelve tentacles. All the exocoelic tentacles (A, B, C, C). though appearing at different times, are now' equal in 
size, and constitute the last or fourth eycle of the adult. 


by the overfolding upper region of the column mill, but usually a .small circular opening 
remains, .simulating an oral aperture, and through it the middle of the disk can be seen below. 
On partial expansion also the disk may be sunk below the upper edge of the column, hut 
on full expansion it usually becomes strongly convex, the middle area raised above the level 
of the column, and even of the tentacular zone. In Faria fragum the disk may project in this 
way as much as 5 mm., and the perioral region becomes extended in a dome-like manner, bear¬ 
ing the slit-like mouth at the apex. This is noticeable also in Oculina <1 ijf'um (PI. XXI1, fig. 14U). 
In transverse sections through the disk thus produced only the complete mesenteries are usually 
included, as the incomplete members do not radiate far across (PI. XJ, tig. S3). 
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Ilistologically the disk differs hut. little from the tentacles or column wall. The peristome 
is generally very thin walled, and in nearly all eases is provided with weak radiating ectodermal 
and circular endodennal musculatures. Granular and dear gland cells are generally numerous, 
and nematocysts, somewhat similar to those in the tentacles, are sparingly distributed. In some 
cases a delicate ectodermal nerve layer can also be distinguished, but is never so pronounced 
as in the tentacles. 

In fully retracted polyps of many species the discal wall is found partly introverted within 
the polypal cavity, somewhat in the same manner as already described for the tentacles (p. 423). 
Such a condition is often very confusing during the study of sections, and may seriously 
irderfere with the determination of the relationship of the mesenteries to the stoinodamm. In 
one important respect the invagination is distinguishable from the introversion of the tentacles; 
it is essentially mesenterial in position, while the tentacular inturning is interniesenterial. 
PI. NYI. tig, 117, represents the appearance of the invaginations at different levels, as met 
with in a fully retracted polyp of Dlchocnaua. The indentations occur about midway along 
the radial extent of the disk, and vary greatly in extent, but in general diminish from above inwards. 
The one to the left extends at this level over three mesenterial chandlers, the entoeudie septum 
being evidently notched, and thus permitting of the continuity of two really distinct tracts. Tin* 
middle invagination occupies only one exocodie chamber, while the upper is still smaller, both in 
width and radial extent. The diseal ectoderm is exceptionally broad, being cut obliquely, and 
the radial muscle libers are clearly seen. The tentacles themselves are also involved in the discal 
invagination, but only as part of the disk, not as distinct organs. 

The depression of the discal w’all results in the interruption of the mesenteries radially, so that 
the latter are seen onlv toward their insertion in the polypal wall and in the stoinochval wadi. 

On PI. XIII, tig. taken from a retracted polyp of Faria fragutn^ a diseal introversion 
is seen near its termination, about midway along the transverse length of the mesentery; a few r 
sections below, the continuity of the mesentery is established. Such an appearance might easily 
be mistaken for some tubular organ connected w ith a mesentery, but the phenomenon can be 
readilv explained as a result of the strong contraction of the mesenterial musculature. It is 
easy to see how on full retraction of the polyp the discal wall will come to rest upon the septal 
edges; then any further mesenterial contraction can draw’ the interseptal portion of the disk 
only downward, so that in transverse sections the latter appears as if actually inclosed within 
the polypal cavity, along the same radius as the mesentery. 

As already mentioned, von lleider (lX8fi) has described an invagination of the discal wall 
in Astmids calycalaris , but in this ease the wall passes into the mesenterial chambers, w ithout 
in any way involving the mesenteries. Tt is evidently independent of the action of these 
organs, and von lleider endeavors to explain the occurrence, as dependent upon the interaction 
of the tentacles and expulsion of the water during retraction of the polyp. 

l)r. (). Carlgrcn (lSDH), in his paper, “Giebt es Septal triohtor bei Anthozoen/' discusses 
GoetleY view’ that the mesenterial funnels (Septaltriehter) found in the young of various 
Actinian species are to l>e regarded as distinct organs. In the larva 1 of Unuotlrs ejehuuaem , Carl- 
o-rcn obtained appearances exactly similar to those figured by Goette, and shows conclusively that 
they are merely contraction phenomena. Garlgroifs figures compare most closely with figure 
117, IT XY1. and leave no doubt that the appearances art* all due to the saint* cause, namely, 
unetpial contraction of different regions of the polyps during preservation. The occurrence of 
fixed septa in corals renders it much easier to understand how the inequality is possible in this 
group than in the cast* of the wholly soft-bodied anemones or their larva*. 

It mrv be conceived that the peculiar canal-like modifications, described by Fowder (18*7). 
as occurring in certain mesenteries of J [adr<pora darvilLi, have been produced by invaginations 
during strong retraction of the polyp. There are liowvcr, some features in this ease different 
from conditions yet met with in corals, but on tin* other hand the modification seems altogether 
at variance with our present knowledge of their morphology. 
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MOUTH AND STOMOD^UM. 

The actual form of t in' mouth of corals depends much upon the condition of expansion or 
retraction of the polyp. In the retracted or partly retracted state the aperture, as a rule, is nar¬ 
row and slit-like while the outline assumed on expansion may he nearly circular. Under certain 
conditions the mouth is closed all the way, with the exception of a small opening at each extremity. 
In practically all eases a longer and a shorter axis tire determinable, thus giving a bilateral char¬ 
acter to polyps which otherwise would be outwardly radial in symmetry. In genera like Man if hut 
and Jlit>tni<h'h*<f, with a meandering disk, bearing numerous small oral aperture's, the longer 
tixis of the latter is usually along" the length of the disk, and the shorter axis is transverse. In 
branching- colonies the longer oral axis is approximately in the axial-ahaxitil plane, while in 
the many polyps of compact ilattened colonies it may he either radial or irregular in direction 
with regard to the middle of the colony. 

The usual condition of living polyps is one in which the mouth is partly open, the white, 
smooth, depending walls of the stoniodamm easily distinguishable through it. Rounded lips 
sometimes serve' as a gradual transition from the disk to the stomochvum, but in deeply pigmented 
species the boundary between the disk and stomodamm is usually very sharply defined. A hen 
polyps are ret meted, the mouth is generally in the same plane as the Ilattened disk, but on 
expansion it beeomes more or less elevated along with the central part of the peristome (tig. 4b). 

The stomodieum is usually oval in transverse section, but may be circular. Its vertical 
extent, as a rule, is comparatively short, more so than is usually the ease in Actinism polyps. 
In some species, the lower stomodieal edge can he easily discerned when the mouth is widely open, 
the organ suggesting a men' inturned flap of the disk. Sometimes the walls of the stoniodamm 
are smooth, but in perhaps the majority of species they are thrown into deep vertical ridges and 
furrows, extending the whole length of the organ, and a little less marked in the fully expanded 
than in the retracted state. Generally the ridges are more noticeable on the living polyps than 
after preservation, and those of opposite sides alternate. 

When the polypal tissues are partly transparent, the stoiiioda'al ridges are seen to correspond 
in number and position with the attachment of the mesenteries to the inner or ecelomic surface 
of the stomodamm (PI. XIX. tig. 131). To a limited extent, therefore, they serve to indicate the 
number of eompleto mesenteries. Pile ridges are found to he very \ariable in number in forms 
such as 3/iettntfrhit(. J lanichm, and ImplujUia. which happen to be species in which they are 
best developed. In J hmntlrtna. for example, only throe or four ridges will be present on each 
side of the stomodamm where the oral aperture is small, while in others there may he seven or 
eight. 

On transverse section the stomixheal ridges are seen to be formed by thickenings of the 
mesouhea, and less so of the ectodem. but the endoderm takes no part (PI. XXII, tig. 147). In 
species in which the ridges are. best developed the ectoderm of the elevations exhibits a slight 
histological distinction from that of the furrows: large nematocysts and gland cells occur among 
the supporting cells of the former, while they are practically absent from the intervening areas, 
which on their part are more strongly ciliated. At the inner termination of the stoniodamm the 
ridges appear as if continued down the free edge of the complete mesenteries as the mesenterial 
filaments, and the histology of the two agrees very closely. 

With the exception of the ridges and furrows, occurring only in certain species, the stomo- 
theal walls arc structurally uniform all round: in other words, true gonidial grooves or sipho- 
noglvphs are :d»ent from Madrcpomrian polyps. As met with in the Aetiniaria. at the opposite 
ends of the stoniodamm. the gonidial grooves are readily distinguished in the living condition by 
the greater thickness and firmness" of the walls, and by their smooth free surface; histologically 
the ciliation is stronger than elsewhere, and usually nematocysts and glandular cells are 
more sparinglv distributed. The grooves in anemones are invariably associated with a pair of 
directive mesenteries. 
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A gonidial groove at each end of the stomodauun is, a vi11 1 certain exceptions, present in all 
H exact imu'; and a single groove occurs in the Zoanthete and Cerianthea\ In the Zoantheie the 
organ is ventral or posterior, while, according to Carlgren (1893, p. 243), it is dorsal or anterior 
in the Cerianthore. A ventral groove, first termed by Professor Hickson (1883) the Siphonoglyphe, 
is likewise found in nearly all Alcyonaria. It is, therefore, a little remarkable to find that such a 
typically Anthozoan organ has never been established for the Madreporaria, and it is absent from 
each of the twenty-six species here studied a . Its noil-development is probably indicative of 
the more primitive character of coral polyps generally compared with most Actiniaria. 

The suggestion may be offered that the grooves, already described as occurring all the way 
round the stomodauun in some species of Madreporaria, are to be regarded as the 'morphological 
and physiological equivalents of the two axial grooves in the Ilexaetinian polyps. Instead of 
a groove occurring only between each pair of directives, one is found between all the complete 
mesenteries. The same histological differences are found in each case, though not so pronounced 
in corals. No experiments have been made to determine whether the grooves in the Madre¬ 
poraria have any special function in directing the inhalent and exhalent currents, and with such 
small oral apertures experiments of this character would be difficult to conduct. 

In living polyps of Clailocoru (U'lntxcuhi. Solmastrmt hycules* and others, the lateral por¬ 
tions of the lips and stomodand walls have at times been observed to come into close contact, 
leaving a small aperture at each extremity of the mouth, through which currents of water enter 
or leave the gastric cavity. A similar approximation has also been recorded by different 
observers as occurring among the Actinia 1 , but is there associated with the presence of gonidial 
grooves. In the Zoanthida?, provided with only one gonidial groove, only one terminal aperture 
remains when the lips are approximated. 

The inner stomodauil extremity may become reflected upwardly and outwardly, so that in 
transverse sections the stoinodauil walls are cut through twice; or, if they are much folded in 
addition, they may appear several times in succession in the same section. The appearance of 
the reflection in longitudinal section is shown on PI. VII, tig. 5fi. and in transverse section on 
PI. VI, fig. 51. The stomodauim terminates internally at practically the same level all the way 
round, or the two axial extremities, with the directives attached, may extend a little below the 
lateral walls, but nothing comparable with the Languettes 1 ' of Actinians has been observed. 

Upon complete retraction of the polyp, the distal parts of the poly pal tissues upper column 
wall and disk—mostly come to rest upon the skeletal projections—septa, pali, columella; in 
consequence of which the stomodamm becomes flattened and more or less irregularly folded. 
As a result it is often with difficulty that transverse sections of the stoinodaunn, exhibiting the 
relations of the mesenteries, can be obtained, especially as the organ is comparatively short. 

On retraction the stomodseal walls as a whole are sometimes thrown into a few deep vertical 
folds, which assume a symmetrical figure. This is especially the case in I Strifes (tigs. 28. 30); the 
folds may he four or six in number, and approach so as to touch one another in the middle, 
practically obliterating the lumen. Hie stomodieal foldings of a bud of Chulomra likewise 
assumed a regular arrangement (PI. VIII, tig. Go); Fowler (1888) also describes and figures a 
similar appearance in a transverse section of the stoinodaunn of \ riatoj><>ra zublatu. No doubt 
it is a consequence of the strong contraction of the circular eudodermal muscle. 

The histological details of the stomodieal wall are practically alike in all Madreporarian 
polyps, and agree closely with those of the Actiniaria. The ectoderm is always a broad, strongly 
ciliated layer, comprised largely of supporting cells, the nuclei of which are closely arranged, 
and give rise in sections to a characteristic, brightly-staining zone. The (filiation is uniform 
throughout, and is nearly always persistent in preserved material. As a rule nemutoeysts of 
two or three kinds occur, while both clear and granular gland cells are numerous. The latter 
are particularly abundant in Ohtducora (tig. 52/>). In some cases, e. g., Plnflhuujnt^ distinct 
ectodermal nervous and muscular elements can be made out near the mesoglmal surface, but are 

"Saville Kent refers to a .fiphonoglyp in a Harrier Reef Fungi* f, and Bourne adds one to his diagrammatic figure 
«»f a coral, mi p. 02 <>f Ins article Anthozoa (1900). 
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never m> pronouneed as in the larger Aetinian polyps. 'Hie histological (liUerentiation where 
ridges and groove's are strongly developed has been alluded to above. 

Flic eetoderni of the stomodauim terminates lnesentcrially in direct continuity with the 
mesenterial filaments of the complete mesenteries, and for some distance the histological details 
of tlie two lire alike. Tile layer may be also partly reflected on the endodermal surface, and 
continued a short distance alone 1 the edge and both faces of the mesenteries (PI, VI, tig. f>l). 
This relleetion of the stomoda*al ectoderm plays an important part in discussions of the origin 
of the mesenterial tilaments, and is again referred to on page 477. 

The stomodival mesogkea is usually thin, and uniform in character all round. As a rule the 
endoderm presents no features which distinguish it from the same layer covering the whole of 
the upper part of the internal cavity. 

COLORATION. 

All descriptions of coral reefs allude to the great variety, richness, and beauty of color of 
the living coral. On any coral patch around Jamaica, the predominating colors are di tie rent 
shades of brown- light, dark, yellow, or green. This is largely due to the great abundance of 
colonies of J Ladr* pnra* MUJepora* and J fteandr'ina* all of which exhibit one or other of these 
brown tints. Adding variety to these are the rich yellows, greens, and blues of the different 
species of Pontca. Of the less massive corals— Sol mast r&a* Cladoeora , Oetdaia, and Far hi — 
yellowish-brown is likewise the prevailing color. Even where the general coloration of the 
colonies is nearly black or steel gray, as in some species of Orhiedla and Pojdiytl la , a closer 
examination, especially when the polyps are fully expanded, indicates that yellowish-brown is 
the fundamental color. 

The prevalence of the yellow-brown color is easily understood when an examination is made 
of the polypal tissues. For in all instances in which it occurs, the endoderm is found to be more 
or less crowded with the so-called “yellow-cells” or zooxanthelhe, which are unicellular 
symbiotic alga\ the chroinophores of which are yellow or yellowish-green. That these are the 
main cause of the external coloration may be readily proved from colonies of J ladrepora. 
In this genus the polyps toward the apex of growing branches are nearly colorless, the white 
skeleton showing through the perfectly transparent tissues, and on a microscopic examination 
of the endodermal layer zooxanthelhe are found to be absent, while they are present in abun¬ 
dance in the endoderm of the older, strongly pigmented regions. When a contracted living 
tentacle is viewed under the microscope, the margin is quite colorless as far as the thickness of 
ectoderm, while on focussing within, the endoderm is found to be almost black and opaque. The 
interior of fully expanded tentacles is lighter, and the individual yellow cells ean be seen. 

In the few instances in which zooxanthelhe are nearly or wholly absent from a species, 
as in Antraurjia W /tariff and Phylhnnj/a amrricana , the polypal tissues appear peculiar 
dedicate, and are wholly colorless and transparent, except for the occurrence of delicate 
superficial colors, such as rose and green. The transparency of the tissue' appears to be very 
general in the members of this group of corals. In tile* Introductory Noticeof the anatomy 
of Axtratnjla dame* Fewkes (1889) also describes the* color of the expanded polyps as '* white, 
almost transparent, resembling an Edwarelsia or small white Aetinia; when contracted the color 
shows a given or bluish tinge.“ An examination which 1 have made of the* tissues of this species 
reveals an absence of zex>xanthella*. 

Again, the polyps oil the under, unexposed surface of colonies living in shady places 
are nearly always devoid of color, although the individuals on the exposed area of the 
same colony are deeply pigmented. A remarkable instance of this occurs on the piles supporting 
the broad wharves at Port Royal. Numerous clumps of tin* corals OenUna and Cladoeora grow 
attached to the piles: the outer exposed colonies are of the usual brown color, while those* living 
on the* inner pillars, which are* cut ot! from the strong sunlight, are perfectly white, the corallum 
alone showing through the transparent tissues. It is manifest that a chlorophyll-bearing alga 
could not flourish under conditions whe*re it is more or less deprived of light; but except for 
this absence of coloration the coral polyps appear normal. Colonies of Ayariciit, which usually 
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arc densely colored, are found to be quite pale when living in the shady places often selected by 
these forms. The presence of zooxanthelhe does not seem to be at all essential to the life of 
coral polyps, seeing that colorless individuals in the shade flourish apparently as well as those in 
fully exposed places. 

The degree of aggregation of the yellow cells likewise determines the intensity of the 
coloration. The tissues of fully expanded polyps arc generally lighter in color and more 
transparent, and under these conditions zooxanthelhe are proportionately less numerous in a 
given area than during the retracted condition. When the polyps retract strongly, the alga? 
become closely aggregated within the thicker endodenn, and the tissues are darker and less 
transpa rent. 

Paring the early stages of maceration of corals such as JFitdn within a white porcelain 

basin, the zooxanthelhe will separate freely from the tissues, and accumulate on the bottom of the 
dish, giving to it a distinctly yellow appearance. 

When coral polyps are preserved in alcohol a brownish yellow or golden yellow pigment 
is first extracted, but after a few hours, if transferred to colorless alcohol, the liquid is colored 
in the same manner as bv the green coloring matter of plants. 

The column wall and disk of the species of IxophyH /V/, 2IeeandruH v. and less so of JA inieitnu 
('olpophifUn^ and OrbiceUa , arc often characterized by the presence of small, superficial, opaque, 
granular spots and patches. These are recognizable by means of a lens on the living polyps, and 
persist for some time after preservation. When the polyps are retracted the exposed tissues are 
practically opaque, and seem dense in comparison with the nearly transparent walls of such forms 
as JA ah'tjiora^ (Jexdinn, or < f Indocom. The opacity is, however, limited to the regions of the 
column wall and disk which are fully exposed during retraction: the infolding margin of the 
wall, the tentacles, and the peripheral region of the disk, which are non-exposed regions, seem 
thinner and are more transparent. Any other marked superficial colors which may be present 
in these genera are likewise practically restricted to the exposed areas. 

Examination of the outer tissues of these genera, by means of sections and macerations, 
reveals the presence of much finely granular, colored, non-transparent matter. The granular 
matter is mostly concentrated in the deeper regions of the ectodermal layer, but at certain points 
extends throughout the thickness, strongly distinguishing the areas from the remainder of the 
layer. Occasionally, as represented in the section of the column wall of hop/ujUhi (PL XY11, 
tig. 122), the accumulation occurs at fairly regular intervals. On the other hand, some regions, 
such as the upper margin of the column wall, the tentacles, and the periphery of the disk, are 
without the granular cells, these being the more transparent areas in the living polyp. 

The small dense spots, referred to above as seen on the living tissues, evidently represent 
the points at which the granular matter is most concentrated, so as to extend throughout 

the thickness of the ectoderm, while the general opacity of the tissues is due to its more 

diffuse distribution within the deeper parts of the layer. 

On maceration the contents of the cells appear as a finely granular substance, usually yellowish 
in color, and unacted upon, or only very slightly, by stains and acids. The cells thus differ from 
the more usual granular gland cells of the Zoantharia, which are alwavs best developed toward the 
free surface of the layers, and take lip stains, such as hivmatoxylin and carmine, with great avidity. 

It may be conceived that the opacity has for its function the regulation of the amount 

of light passing to the*, cndodcrmal tissues in corals living in more shallow waters. Certainly the 
forms in which the granular colls are best developed are among the least active of the coral 
polyps, and the coloration is most dense over the exposed areas. The endodenn shows no 
peculiarities which can be connected with the ectodermal opacity! zooxanthella? occur as 
numerously as in other species. 

Mantc'ma cu'cohit affords some interesting variations in the presence or absence of its dense 
superficial coloration, which seem to indicate some connection with the depth at which the corals 
occur. In colonies inhabiting very shallow waters, such as those of Kingston Harbor and 
Minefields Hay, the superficial pigmentation- yellow, brown, or dense opaque white—is strongly 
pronounced, and in small or large irregular patches; but in young polyps and large colonies from 
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the deeper water on the reefs this pigmentation is wholly wanting and the tissues mo of the 
more prevalent yellowish brown color, produced by the endodorinal /.ooxanthelhe. 

The superficial or ectodermal coloration of corals varies greatly within tin* same species, 
especially in different areas, and is of small importance 1 for purposes of specific determination. 

The polyps of 1 tichocanht xtokrsi exhibit some exceptional conditions of coloration as regards 
the internal tissue's. Within the ectoderm cells of the column wall are found highly refractive 
granules distributed throughout the layer with approximate uniformity. There, is no evidence 
of the grannies being aggregated within limited groups, nor of concentration toward the. deeper 
regions of the layer. They are colorless in preserved material, but are green in the living polyp, 
and are no doubt the chief cause of the green color of tho polyps, and the general opacity 
presented by the external tissues. On deealeitication of preserved material the lower two-thirds 
of the embedded poly pal tissues is also of a dark green color, contrasting strongly with the 
upper colorless walls. Microscopic examination reveals that, as usual, the lower skeletotrophie 
endoderm is greatly thickened, and densely crowded with granules of various sizes. Most of the 
particles, however, are a bright green, exactly recalling the chlorophyll granules in plants: in 
decalcified mounted sections the green color is still intense after two years. The grannies in the 
gland cells of the lower region of the mesenterial filaments are also a strong green, and oven the 
large nematoeysts in the filaments have a green tinge. 

Another form of pigment cell is found in the tissues of Porifex. Some colonies of Porites 
ctararia arc an intense bright yellow in their living condition, and a lemon color is often met 
with in living colonies of P. asfneoides^ while the polyps of P. dimricata as a rule exhibit only 
the pale brown due to the internal zooxanthelhe. Macerations and sections of polyps of the two 
first-mentioned species reveal that both the ectoderm and the endoderm are loaded with bright 
yellow, pigment-bearing cells, very variable in form and dimensions. So abundant are they in 
P. ela rari a that in places it is almost impossible to make out any of the other histological 
elements; but in P. astneoidts they are more sparsely distributed, and their relationships 
can be better determined. In general the chromophore cells are shorter than the supporting cells 
and gland cells of the ectoderm, and occur at all heights within the layer. 

When tin* ectoderm is macerated the pigment colls separate somewhat readily from the 
other histological elements, and are very protean in shape, scarcely any two being of the same 
form. A few are represented on PI. IV, fig. 37, The contents are very finely granular, and are 
scarcely affected by stains, but with borax carmine a very distinct nucleus becomes evident. 

The chromophore cells occur most abundantly in the outer tissues, and in both ectoderm and 
endoderm, hut are also met with sparingly throughout the polyp, including the epithelium of the 
mesenteries and communicating canals. Zooxanthelhe are found within the endodermal cells in 
(heir usual numbers. The polyps of the genus Puritix vary in color more than any other form 
examined. 

Another factor which probably influences the living appearance of many corals is the color 
given to tho skeleton by the presence of perforating filamentous alga 1 , belonging to both the 
green and red groups. The coralla of nil the species examined are found to bo infested with 
boring alga 1 . After deealeitication the filaments appear fresh and green near the surface, and 
contain protoplasm and chlorophyll granules, but an 1 colorless and apparently dead in the more 
internal regions. So dense is the foreign growth that in some instances the superficial portion of 
the eorallnm is rendered bright green or pink bv its presence, either wholly or in part. The 
skeletal color is best seen on freshly macerated specimens, as after a few months' exposure the 
coralla become more or less completely bleached. The upper superficial areas of the fresh coral- 
lites of (h'bi cell a and extraenlicular regions of Coljfojdujl l ia presented green patches of various 
sizes, while the color was usually more uniform in A ijifnvtiu but almost any species of coral may 
exhibit large or small affected areas. Decalcification also proves that the perforating alga* may 
be present when* a superficial examination of the eorallnm gives no indication. 

Bv wav of contrast with the more prevalent given color, the coralla of IxoplujUia dipmeca 
after maceration of the soft tissues wen 1 a delicate pink, evidently from the. presence of some reel 
alga. This also gradually disappeared in the course of two or three months. Sideraxtrim siderea 
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and Poritt « astrctoi/h s likewise often exhibit a bright pink color immediately below the surface 
of the coralluni. In the latter it is still obvious on dried specimens twelve months after collection." 

Where the soft tissues of the polyps themselves are not densely colored, a green or reddish 
skeleton below must partly determine the general effect by reflection through the poly pal wall. 
Laeaze-Duthiers (1837, p. 5) found the corolla of all the Mediterranean corals examined by him 
to be perfectly white when deprived of their soft tissues, hence concludes that the coloration 
is wholly poly pal. 

The surface of many polyps often presents a brillant emerald-green color, arranged in streaks 
or patches. It is found mostly on the disk as a peristomial ring, but occasionally on the oral 
aspect of the tentacles. Such has been observed in Sideradnea radian, y, O/diedla <nuudaris\ 
Ayaricia ayarieites , and Coljxphy Ilia , as an addition to the more usual colors. The phenomenon 
is wholly superficial, not intracellular in origin, for histological examination fails to reveal any 
structure which can be assigned as its cause. The bright green and reddish colors of the other¬ 
wise colorless and transparent Plnjllaiajia anuricana and Astra light solitaria are also of this 
character, and pigment granules are here absent from the ectoderm, as well as zooxanthella? 
from the endoderm. 

The causes of coloration in living corals may be thus summarized: 

(1) Ectoderm(d . — Pigment granules in ectodermal cells: aggregated in more or less isolated 
patches {[sophyllla. .J bcandrhia, etc.); generally distributed (Pori fen , Dichocamia). Superficial. 

(2) Endodernnd .—Yellow cells or zooxanthella? (nearly all corals); green granules {Dicho- 
cania); pigment cells {Porift*). 

(3) Skeletal. —Perforating green and red alga?. 

MESENTERIES. 

In all recent morphological studies, which have for their object the determination of the 
natural* relationships of the Anthozoa, a greater significance is attached to the order of appear¬ 
ance and adult arrangement of the mesenteries than to any other polypal characteristic. These 
serve not only to limit the primary divisions of the group—Alcyonaria, Antipatharia, and 
Actiniaria, but in the Actiniaria the chief subdivisions— Hexactiuiie, Zoantheie, Cerianthea?, are 
likewise determined by the mesenterial features; and even for minor elassifieatory purposes the 
variations in the organs are often of great service. It will be found that a similar importance 
must be accorded the mesenteries in the Madreporaria, and dependent upon their arrangement 
is that of the tentacles and septa, as well as other less important relationships. 

Among the adult polyps here studied, the simplest condition of the mesenteries is that 
occurring in the genera J Ladrepora and Porite *. This is represented in transverse sections in 
the figures on Plates 1 and IIP and, for the stomcxhcal regions, diagrammaticallv in the accom¬ 
panying fig. 3. The latter will also serve as an illustration of the terminology to be employed, 
and also for certain cognate morphological considerations, which may be first considered. 

In practically all the polyps of the two genera mentioned only twelve mesenteries occur, 
arranged in six pairs with regard to a median axis, which includes the longer diameter of the 
stomodaHim. The four pairs reaching the stomodanun are known as complete mesenteries, 
while the two remaining pair*, not united with the stomodienui, are incomplete. The Roman 
numerals 1 VI correspond with the established order of appearance' of the pairs of mesenteries 
in coral larva? to be described later. 

The twelve mesenteries, characteristic of the adult J [adrepora and Poritvs , occur also 
in the larval stage of genera of which the adults possess more than six pairs, and are 
strongly marked off by their mode of origin from the mesenteries subsequently developed; 
they serve, in fact, as the starting point for various types of mesenterial arrangement of the 
highest importance in Zoantharian studies. In 1300. I found it desirable to introduce some 

"The subject of coral boring Alga* has been more fully dealt with in a paper: ‘ k boring Alga* as Agents in the 
Disintegration of Corals.” Bull. Amer. Mus. Nat. Hist., Vol. XVI, 1902. 
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term which would distinguish these mesenteries, either singly or ns u whole, from the later 
mesenteries. The twelve primary mesenteries constituting the tirst cycle were designated 
Frotoenemes. and those appearing later Metaeiienies.' 1 a 

1 he nppearunec ot a mesentery in transverse sections is rarely the same on both surfaces. 
The cut surfaces ot the longitudinal or retractor muscle libers form a beaddike margin to the 
mesoghea, which is highly refractive and stains deeply (PI. XYII1, fig. P2b). Fsuallv the longitu¬ 
dinal musculature on one fact' is stronger than the oblique musculature on the other, and as a rule 
the mesoghea becomes folded or plaited to afford an increased area for the support of the former. 

1 he oblique muscle fibers are on the opposite, face, and in transverse sections are usually eut 
obliquely, and the mesoghea is rarely plaited for their support. For purposes of orientation, 
when studying the internal anatomy of the polyp, the recognition of the retractor muscle fibers 
on oik* face or the other of a mesentery is of great importance. 


Sulcular, Dorsal. Anterior. 


w 


ISi 


X 




X 


X 


in ei 

Sulcar, Ventral, Posterior, 

Fig, 3. 

Plan of the mesenteries at the close of the protocnemic stage. The stage occurs in the growth of probably all larval and bud polyps, 
and is retained by most of the adult polyps of Mndrcpum and I'oriti $, The Homan numerals (I-VI) indicate the order in which the 
mesenteries are found to appear in the larva: of corals. The corresponding mesenteries on the two sides constitute bilateral pairs, 
and the adjacent mesenteries on each side in which the retractor muscles are turned toward each other (11, V; 1, VI) constitute 
unilateral (anisoenemic) pairs; the members of the axial pair, 111.111, are the sulcar or ventral directives, and the pair IV, IV the 
sulcular or dorsal directives. The vertical plane included within the two pairs of directives is the directive plane, and also the axial 
or median plane. 

The mesogkeal plaitings fur the support of the longitudinal mesenterial musculature are 
never greatly complicated in form in any of the coral species here studied. They may be quite 
simple, as on PI. IV, fig. 38, or the folds may become, secondarily plaited as in fig. 180. In the 
Aetiniaria, on the other hand, the plaitings are often very finely subdivided in a dendriform 
maimer, stretching along nearly the whole vertical face of the mesentery, or restricted about the 
middle to form a thick, broad, vertical band. The various figures given by Fowler. Bourne. 

a The substantive “ Kvrffitj” — a radius or spoke of awheel — was first employed in Anthozoan literature by 
Haddon and ►Sliackelton (1891, p, (326) in the course of their studies of the Zoan there. In a foot-note with regard 
to it they write as follows: “We have tried hard to discover a short term for a mesentery, which would readily 
lend itself to combination with other words, lmt without success. The. objection to the word ‘cneme’ is that it 
lias reference to the appearance of a transverse section of an Aetinian rather than to a mesentery as it actually 
exists. xVs the investigation of the Zoanthe:e, at least, must principally be made by means of transverse sections, 
this objection has not much weight,” 
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and other students of the anatomy of corals indicate that in other genera and species the muscle 
plaiting* likewise remain comparatively simple. 

Tin' degree of complexity attained by the mesogheal foldings undoubtedly varies much with 
the state of expansion or retraction of the polyp, the plaitings being often scarcely recognizable 
in the former condition. Their (diameter also changes in different regions of the poly]), and even 
in different parts of the same section (PL IV, tig. 38). The mesentery of Orhleella^ represented 
on PL IX, tig. ff8, shows remarkable differences in this respect, the peculiarities extending 
even to the face bearing the oblique musculature. In the diagrammatic and seniidiagraminatie 
figures throughout the paper the retractor muscle is conventionally represented by simple 
processes from the face of the mesoglcea. 

From the figure on page 441 it is manifest that the pain'd character of the mesenteries may 
be regarded from two very different aspects. In the first place the corresponding mesenteries on 
the two sides of the median axis may be considered as pairs. These are known as unilateral 
pairs," and so far as concerns the first six pairs, this is the manner in which tin'mesenteries make 
their appearance in the larva. In bilateral mesenterial pairs the retractor muscle of each moiety 
is on the face, turned toward the same aspect of the polyp. On the other hand, any two adjacent 
mesenteries in which the longitudinal muscles are on the faces turned toward each other that is, 
toward opposite aspects of the polyp- may also be conceived as pairs, and, in contradistinction to 
the others, these mav be known as “Unilateral pairs/’ 

The two members of a unilateral pair may be either unequal (one complete and one incom¬ 
plete, as in fig. 82) or equal (both either complete or incomplete, as in fig. 81). Considerations 
of much phylogenetic interest are connected with these conditions (p. 453). To distinguish a 
unilateral pair constituted of two equal mesenteries I propose the term “ Isoenemie." and for 
a unilateral pair of two unequal mesenteries the term “Anisocnemie." In the majority of 
corals and anemones the inctacneines arise as isocnemic pairs, rarely, if ever, simultaneously 
by cycles, but bilaterally from one aspect of the polyp to the other (p. 459). 

In most adult polyps the condition in which the longitudinal musculature of a pair is on 
the faces turned away from one another occurs only in the ease of the two axial pairs, which 
by this means are distinguished as “ Directives." Both from their origin and the disposition of 
the musculature, the directives are bilateral pairs, and are always isocnemic. 

An attempt has lately been made to restrict the meaning of the nearly synonymous 
words “pair" and “couple," so as to imply whether the two moieties of a mesenterial pair 
are situated on the opposite side of the polyp, or whether they are close together on the same 
side of the polyp, their retractor muscles being vis-a-vis. Unfortunately, there is scarcely 
anything in the terms themselves to denote which should bear one special significance more than 
another, and already they are employed in a directly opposite manner by different Anthozoan 
writers. Thus Faurot (1895, p. 51), referring to the manner of appearance of the mesenteries 
beyond the primary twelve, writes: “ Cos cloisons n'apparaissent pas par couples, comme dans la 
periode preeedente, e'est-a-dire, line d'lin cote, line de 17mtre cote de Laxe commissural do Y Actinic, 
mabs parywVov dans les interloges fonnees durant cetteperiode. 11 a etc explique (prune pairoost 
constitute par deux cloisons voisines dont les faisecaux de feuillets unilateraux se font vis-a-vis 
(les faisecaux unilateraux dos deux pairs commensurales faisant, seals, exception) et que ehaque 
pair forme une logo." Also van Bencden (1897,]). 21): “D'aeeord avec Faurot, j'estime qu'il 
y a lieu de reserver exclusivemeiit le mot /mire pour designer deux elosons voisines dclimitant 
une logo: le mot ample pour denoimner I'ensemble de deux sarcoseptes symetriques, siegeant Fun 
a droite, Fa litre a gauche du plan median." 

There can be not the slightest doubt as to the sense in which these authors employ the terms; 
a couple would be the arrangement corresponding with what is here termed a bilateralpith\ and 
pair with what is here designated a mulateralpair. Vet Bourne, in the article “ Anthozoa," in 
LankestcEs “Treatise on Zoology" (1900, p. 39). in a foot-note adds: “It is convenient when 
speaking of the adult arrangement of the mesenteries to use the word Vouplc,* when of their 
developmental sequence to use the word v pair/" thus signifying directly the opposite of Faurot 
and vim Bencden. 
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I n^toacl of adopting these familiar words, and giving to them a restricted meaning and hav¬ 
ing to ileline whether the one or the other Usage is to be attached to them, J prefer to speak of 
‘’unilateral pairs** and ••bilateral pairs,*' according as the two moieties art* situated on one side 
of the polyp, or an' on opposite sides of tin* polyp. There can possibly be no ambiguity as to the 
character of the mesenterial pair indicated. 

The portion of the gastro-eielomie cavity included within a unilateral pair of mesenteries is, 
following the terminology proposed by Fowler (I 8 S 0 ). known as an •• Eiitoetcle," while that 
between any two such pairs is an ** Exoeiele." Further, the polyp can be divided into sextants 
by six radii included within the primary ontocodes, and the mesenteries or septa within each 
sextant are spoken of as constituting* a ••System.*' 

A pair of directives occurs at each extremity of probably all sexually produced Madreporarian 
and Aetiniarian polyps, but tin* regularity is often departed from in asexually developed polyps 
(p. 44s). The vertical plane included w ithin the two pairs of directives is known as the l * I >irective 
plain','* and coincides with the axial or nu'dian plane of the polyp, as well as w ith the longer 
diameter of the stomodieum, and divides the polyp into symmetrical halves. Were tho V 
and VI pairs of mesenteries to become eoniplete. it is clear that a plane passing' between the two 
pairs 1 and Y would also divide the polyp yinmetrieally into equal halves, and include the 
shorter diameter of the stomodicum. Hence polyps at such a stage have two axes of perfect 
symmetry at right angles to each other. From the occurrence of directives, and of longer and 
shorter diameters of the stoinoda?uni. perfect radial symmetry is not found in any of the present 
species, and * hero noticed elsewhere is probably a result of asexual methods of reproduction— 
not a fundamental characteristic. 

Among* animals like coral polyps and anemones, exhibiting a certain degree of radial 
svmmctrv. the terms dorsal and ventral and anterior and posterior, though adopted, have not 
the same significance as in the higher animals, where one aspect of the body is altogether different 
from the other. Moreover, the relationships, even as understood, arc not readily established in 
adult polyps. To determine them it is necessary to select some morphological condition to which 
the disposition of the organs can be referred. The presence of directives enables a median plane 
to be established, to w hich the organs on each side of the polyp are symmetrically related, right 
and left, and such a mesenterial stage as that represented on page 441 also enables what may be 
termed upper and lower borders to be established. 1 he aspect of the polyp toward w T hich the 
faces bearing the longitudinal musculature of the two complete bilateral pairs of mesenteries 1. 11 
are turned has been designated by lladdon (iNSlk p. 3oo) the *• Sulear," and the opposite the 
** Suleular.*' The terminology is based upon the fact that amongst Anthozoa where only one 
gonidial groove (sulcus) is present (Alcyonaria, Zoantbese). the organ is on the aspect of the 
polyp toward which the faces of the two pairs of mesenteries, referred to as bearing the vertical 
musculature, are directed. As gonidial grooves, however, seem never to occur within the 
Madreporaria, this character is of no assistance for purposes of orientation, and the sulear and 
suleular relationships, as a rule, can only he determined from the order of development of the 
first cycle of mesenteries. Where, in Zoantharian polyps, all the six pairs of protoenemes are 
already complete, and either no gonidial grooves are present or both are equally developed, there 
is in ordinary cases no means of determining the sulear and suleular relationships. By most 
w riters on the Anthozoa the sulear border is regarded as ventral and the suleular as dorsal. 

Is it possible to determine an antero posterior relationship in the polyps from the known 
facts of their development, such as shall be at all comparable wdth that in the higher animals? 
E. van Beneden (1S1B). from his study of the development of the Orianthid Ar<«'lnt(ict!s* and 
E. B. Wilson (lss4), from his investigations on the mesenterial filaments of the Alcyonaria, follow’ 
the suggestion* of Sedgwick and Caldwell, and compare the gastro-mdomic chambers of the 
Anthozoa with the ctelomie diverticula of the higher animals. On this theory the side of the 
Orianthid polyp on which the sulcus and directive mesenteries an' situated is regarded as 
anterior, while the side at which new mesenteries or segments are added is considered to be 
posterior. From the arrangement of the mesenterial musculature, Carlgren (1<V4.4) has show*n 
that the miIcus of Crriantluts is situated at the opywite extremity of the polyp from its position 
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in the Alcvonaria and Zoanthida'. If the sulear aspect in all Anthozoa except Ceria-uthus be 
conceived as ventral, then in the latter it will be dorsal as well as anterior, and the ventral or 
sulear aspect in other Anthozoa is posterior. It is shown later that the general succession of growth 
of the mesenteries in Madreporaria is also from the dorsal to the ventral aspect of the polyp, that 
is, they arise in an antero-posterior order. The septa have also been found to follow a like suc¬ 
cession. 

The relationships may be thus compared: 

Ilexactinkc, Zoantheio, Madreporaria.Sulear =ventral=posterior. 

Sulcular=<lort*al =anteri» >r. 

Ceriantheie.Sulear = dorsal =anterior. 

Sulcular=ventral=posterior. 

Where coral polyps present a detinite relationship to the axis of a branch, as in most species 
of Madnponu OeaHna* and (Uadocoru , axial and abaxial positions are further determinable; and 
in the rounded colonies of Orb!eeUa , Solemtatrxa, etc., inner and outer relationships, which 
correspond with axial and abaxial, are also distinguishable. Some importance underlies these 
determinations, for it will be found that the axial-abaxial and sulear-sulcular relations are not 
always the same in corals. 

The relationships of the strongly bilateral, radial polyps of J ladrepora to the axis of the 
eolony may be first determined. The transverse, section on IT. 1, fig. 4, represents the polyp as 
situated in relation to the axis of the branch, but the lower side in the figure is inner or next the 
axis, and the upper is outer or turned away from the axis. Owing to the nariforni growth of the 
corallite the skeletal tissue is more thiekly developed on the upper than on the lower aspect. 
From the proportional development of the mesenteries, and the disposition of the longitudinal 
musculature, it is clear that the axial or inner aspect is the sulear, and the abaxial or outer aspect 
the sulcular; or, in the terminology usually adopted, the former is ventral and the latter dorsal. 
The large anterior tentaele of J ladrepora thus communicates with the sulcular, and the posterior 
tentacle with the sulear entoccele. 

Wherever in other corals it has been possible to determine the sulcar-sulcnlar relationships, 
as well as the axial-abaxial, to the colony as a whole, it is found that the relationships prevailing- 
in J ladrepora are reversed. Thus on PI. Ylll, fig. bl, representing a, bod of CIadocoraw\t\\ the 
protoenemes in the Edu'ardrta-x tago, the sulear aspect of the polyp is abaxial or outward, and the 
sulcular is axial or inwards, in relation to the colony; similarly in tig. 02, representing another 
bud of the same species. In fig. 87, PI. XII, taken from a young bud of Solenastnea* the sulear 
side of the polyp is again outward (abaxial) and the sulcular is inward (axial). 

Dr. G. II. Fowler (1887), in his studies of Mad repo ra durrillei and M aspera , was the first to 
determine the axial-abaxial relationships of the mesenteries in the genus, and the year following 
(1888. p. 12) lie showed that it was directly the opposite of that occurring in Scr/afopora sfdadata, 
the polyps of which also permit of axial-abaxial determinations. The difference between Jladrc- 
pora and other corals can best be appreciated by comparing the diagrams on page 445. 

Dr. Carlgren (1S1M5) has shown that in colonial Zoanthkhe the macro-directive mesenteries and 
the single gonidial groove are on the outermost side of the colony, or farthest from the mother 
polyp, while the micro-directive mesenteries and asuleular extremity of the stomodamm are 
toward the inner side of the colony, or nearest the parent polyp; the anterior (dorsal, asulear) 
part is directed toward the axis of the colony, while the posterior (ventral or sulear) is 
turned away from it (fig. e). The relationship of the individual polyp to the Zoanthid colony 
is therefore in strict conformity with that in Madreporaria, the genus J [adrepora excepted. 

The researches of Moseley, Hickson, and others on the Alcyonaria have also demonstrated 
that in this group the relationship of the polyp to the axis is the same as that in most Madre¬ 
poraria. The so-called ventral aspect (sulear) of the Alcyonaria is abaxial. the dorsal aspect 
(asulear) is axial (fig. d) t 

The stage of mesenterial development with only four pairs of complete mesenteries usually 
serves the larva' of Actiniaria and Madreporaria as a resting stage for a long period. Among 
the Aetiuiaria the only forms known in which the adult was thought to remain at this simple 
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stage are tin* Eilward.sin*. Tim resemblance between the mcsontindos characteristic of this group, 
and those appearing in tin* course of the development of tlm Actinian larva*, was recognized by 
Uiuldon (1SS9). and the stage was termed by McMiirrieh (18NP) tin* /yftrttrtfsta-sUigo." The 
eight complete mesenteries, comprising two bilateral pairs (1. 11) and two pairs of directives 
(111, I\ ). are often spoken of collectively as the Edwardsian mesenteries. 

I util recently tin* adult E<ht'<i rdsia was supposed to have* no other than these eight complete 
mesenteries, and in this respect was considered to be one of the simplest of the Aetiniaria. As 


nr nr is: is: 



Fig. 4 . 

Diagrammatic fibres showing the relationship of the polyps to the axis in various colonial Anthozoa. The upper side of the figure is supposed 
to be toward the axis (axial) and the lower is away from the axis (abaxial >. o. Madrcpnra. The sulcaror ventral aspect of the polpy is 
axial and the sulcular or dorsal is abaxial. (The upper of the two bilateral pairs marked V, V should have been VI, VI.) b, Most other 
Madreporarian species. The sulcular aspect is axial and the sulcar abaxial. c, Zoanthids. The gonidial groove orsiphonoglyph is 
abaxial. and all the metacnemes (A-D) are added at this aspect. d t Alcyonaria. The siphonoglyph is abaxial. 

such it has been regarded by Boveri (1889) and MeMurrieh (1891) as the starting point for the 
diverse modifications occurring within the different Actinian groups. Lately Faurot (1895). by 
making transverse sections through the uppermost region of the eapitulum of Eilwanhia 
btHmtem has shown that in this species sixteen and even twenty mesenteries are present, 
corresponding with the same number of tentacles. The eight additional mesenteries were found 
to be feebly developed, lmt arranged on the normal Hexactinian plan, and to extend vertically 
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only for about half a centimeter. Fom of these, along with the eight complete mesenteries, 
constitute the six pairs of protocnemes. while the remaining four represent a pair of metacnemes 
within each dorsal or suleular exocude. Notwithstanding this discovery, it is deemed convenient 
to retain the term “ Edwardsia- stage" for the condition in which only the first four protoenemic 
pairs are complete, whether other mesenteries are present or not. 

The fewness of the mesenteries in Po rites and J Didrepora readily permits of their vertical 
order of appearance and disappearance being followed in serial transverse sections, but the same 
can be carried out also in more complex, multicyelic forms. In species with a large number of 
mesenteries the pairs are developed from above downward, as in Porites and Madrepora , so 
that the greatest number of cycles occurs in the more distal region of the polyps, and the mem¬ 
bers of the last-formed cycles often traverse but a slight vertical extent, compared with that of 
the oldest cycles. During the development of the mesenteries it is found (p. 454) that while 
the first two or three pairs arise at or near the uppermost extremity of the polyp, that is, around 
the oral aperture, the later pairs first appear some distance down the column wall, thence grow 
in both directions, upward and downward. 

The mesenteries in adult corals as a rule terminate before the lower aboral extremity of the 
polyp is reached, hence this region is altogether unoccupied by any of the poly pal tissues, except 
those lining the skeleton (PI. IX, tig. 67). The organs rarely occur below the upper half or two- 
thirds of the vertical height of retracted polyps. Below, however, the septal invaginations 
extend farther centrally than above, and the skeletotrophic endoderm becomes enormously 
thickened, so that aborally the ccelomie cavity is greatly diminished in extent. 

The restriction of the mesenteries in corals to the upper regions of the polyp should be 
compared with the extent of their course in Actinians. Here the principal mesenteries usually 
traverse the whole length of the column wall, and then extend across the basal disk toward the 
center, where they often meet. On the other hand, it must be remembered that the aboral 
extremity of the Madreporarian polyp does not altogether coincide with that of the Actiniarian 
polyp. In the former, part of the basal disk is greatly invaginated, and its peripheral border, 
where it passes into the column wall, is raised much above the actual extremity of the polyp. 

Peritheeally the mesenteries may extend the full length of the column wall or edge-zone 
( Orhicella , Sohnastrcea^ etc.), or may terminate in advance of it {Oealina). In the latter case 
the attachment to the skeletotrophic tissue may be the first to cease, that on the column wall 
remaining, or the columnar attachment may be the first to disappear. In Cladocora the 
mesenteries rarely extend in a complete manner the whole length of the peripheral chambers, 
the skeletotrophic attachment ceasing first (PI. VII, fig. 54). 

The mesenteries in Sideraxtr&a are characterized by a peculiar resorption of the peripheral 
extremities, so that in the more central part of the polyp the organs extend much farther 
vertically than in the peripheral region (PI. XXIII, fig. 153). 

The polyps available are generally so small as not to permit of the mesenteries being 
readily dissected out and viewed as a whole; but in serial transverse sections no interruptions 
suggestive of mesenterial stomata have been encountered. Hence there is good reason to 
suppose that mesenterial stomata are absent from Madreporarian polyps. The continual growth 
upward of the polyp, and the resorption of the mesenteries below, characteristic of most 
species, would in all probability preelude the formation of such characteristic Actiuian features. 

MESENTERIES IN GENERA REPRODUCING BY BUDDING. 

The adults of all other polyps here described are provided with a greater number of pairs 
of mesenteries than the primary six of Porites and Madrepora . In the genera Orhicella 
(p. 423), Solenastnea (PI. XI), Oculiiut^ Siderastnea (PI. XX111), Cladocora (PI. VI), Astwuajia 
(PI. VI), and Phylhincjia (p. 464), which reproduce asexuallv by budding, the mesenteries are 
arranged in alternating hexameral cycles, and vary in size according to the cycle to which they 
belong. The designation "cycle" is employed to include all the mesenteries having the same 
radial extent, while the term *’order" has reference to mesenteries which appeared at or about 
the same time; the first has reference to their insertion on or distance from the stomodieum, and 
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the second carries with it a developmental significance. Thus the members of the first order 
always appear before those of the second, the second before the third, and so on. Should the 
first cycle consist of twelve mesenterial pairs, as is sometimes the case, i( represents the first and 
second orders. The members of the first order are known as primaries, the members of the 
second order as seeondaries. the members of the third order as tertiaries. and so on. 

In the genera above mentioned the first order or cycle of six pairs (protoeneines) includes 
the same mesenteries as those present in and 3Itidrej>ot'a: but usually all the pairs are 

complete and equal, and in each case they include two pairs of directives—sulcar and suleular, 
which are bilateral, and situated at opposite extremities of the polyp; the other four protoenemic 
pairs, notwithstanding their origin as bilateral pairs, are now regarded as four unilateral pairs, 
two on each side, the retractor muscles of each pair being on the faces turned toward one another. 

The second order of mesenteries in adult polyps also consists of six equal unilateral pairs, 
alternating with the pairs of the first order, and situated within their exoeudie chambers. In 
some eases the pairs of the second order may become complete throughout the whole or part of 
the extent of the stomodieuiii, as in the large polyps of Orbicella cavernwu; or some of the pairs 
of the cycle may he complete and the others remain incomplete, as in the polyp of IVnjlhmgia, 
represented on p. 464. 

When fully developed, the third order of mesenteries comprises twelve unilateral pairs, 
within the exocodes formed by the pairs of the first and second orders. The fourth order of 
mesenteries would contain twenty-four pairs, the fifth forty-eight, and so on, the mesenteries 
of the newer cycles always occurring in unilateral pairs within the exoeudie chambers of the 
previous pairs. The fourth-order mesenteries, however, never appear in any of the species here 
studied, except in *Phylhuujltu where occasionally a few members may occur (p. 465). \ erv 

often the mesenteries present in any mature polyp may he sueh as to leave the last cycle without 
the full number of pairs necessary to complete the hexameral sequence. 

Although in the adult polyp the metacnemic pairs belonging to any eyele are approximately 
equal in size, it by no means follows that they were simultaneously developed, any more than in 
the ease of the pairs of protoeneines; indeed, all the evidence from young polyps goes to show 
that the mesenteries arise successively. The order of appearance of the metaenemes is fully 
referred to on p. 455. et. *</q. 

The mature polyps of the species belonging to the genera enumerated contain, within narrow 
limits, a definite number of mesenterial pairs, which is characteristic of the species. As above 
mentioned, this number may or may not complete the hexameral multiple, so that the last cycle 
commenced may not be continued all the way round. 

Increase in number does not continue indefinitely. Orbieella aeropora has usually twelve 
pairs of mesenteries, six complete pairs of protoeneiues, and six alternating incomplete 
metaenemes; 0. radiata contains twenty-four pairs, the twelve pairs of the first and second 
orders complete and otherwise equally developed, and the twelve pairs of the third order 
incomplete (tig. 1, p. 423); the conditions are the same in 0 . cavernosa. The mesenteries of 
Solenaxtrxa and Ondimt are. tike those of 0. aeropont . usually twenty-four in number, six 
pairs complete and six alternating pairs incomplete (PI. XI, tig. 81). 

Astran<fia soUtaria exhibits six pairs of complete mesenteries, and within each primary 
exoeoele of adult polyps a pair of incomplete mesenteries always occurs, and in some instances 
two or three pairs (p. 463). In this latter ease one of the pairs is slightly larger than the other 
and belongs to the second cycle of six pairs, while the smaller pair represents all that is yet 
developed of the third cycle; but in no instance has the full complement of twelve pairs consti¬ 
tuting the third cycle occurred. In the closely allied species. Phyllangia amrricana. the number 
of mese it erics is always greater; but here also the incompletion of the final cycle of twelve 
pairs is very general. In one polyp sectionized transversely (p. 464), ten pairs of mesenteries 
reach the stomodamim These consist of the six protoenemic pairs and four of the first-cycle 
metaenemes, the remaining two of this cycle not having yet reached the stomoclamm. In the 
uppermost stomoda?al region, however, one of the pairs* becomes complete. An alternating eyele 
of twelve incomplete pairs occurs, but one or more pairs may be rudimentary or absent. 
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The adult polvps of Chidorora arbuscuhi always contain six pairs of complete mesenteries, 
constituting a first cycle, and six alternating ]>airs which remain incomplete and form a second 
cycle. Representatives of a third cycle are usually deyeloped. hut instead of consisting of twelye 
pairs, one in each exocode between the previous twelve' pairs, only four or six pairs are usually 
present, all on the same aspect of the older pairs (PI. VI. tig. 4l>). Earlier stages in the develop¬ 
ment reveal that this is probably the sulcar aspect of each system (p. 45S). 

In Sidt rasfnni radians six pairs of complete mesenteries are present, along with six 

alternating incomplete pairs, and a few pairs belonging to the third cycle may also occur; 
usually the third-cycle pairs are radially shorter than those of the second cycle, but at other times 
they nearly equal them in size. In the larger species, S. .svV/cm*, though more members of the 
third cycle are present, the whole twelye pairs necessary to complete the cycle are rarely present 
(FI. XX1I1, fig. lf.3). 

The polyps of the seven genera described, all produced asexually by the process of 
semination, are thus characterized by the very regular disposition of the mesenteries in 
alternating hexamcrous cycles. The first and second cycles are fully developed in all tin* adult 
polyps, while the third cycle may be only partly formed, but so far as it goes the members 
alternate regularly with the other pairs, according to the order of appearance established on 

p. 45f> <f. stq. In all the polyps two pairs of directives occur in the first cycle. So far as the 

mesenterial arrangement is concerned, there seems no difference between a polyp originating as a 
bud and one derived from a sexually produced larva; both follow the normal hexactinian plan. 

Only the members of the first and second orders ever become inserted on the stomodamm 
in the species studied. The later orders never become complete, but retain a definite size 
characteristic of the species. 

MESENTERIES IX (JENERA REPRODUCING BY FISSION. 

The asexual reproduction of the following genera takes place mainly, if not entirely, by 
stomodand fission; Afjaricia* Isopityllia^ Dicltoarnia* Fama* Manama* Mirandr'nm^ and Colpo- 
jdnjllia . In the first four the polyps so produced may become more or less distinct from 
one another, each with its own system of tentacles and a column wall: in the remaining genera 
the separation is incomplete, and meandering discal, tentacular, and columnar systems are pro¬ 
duced in place of distinct polyps, and only exceptionally are transverse walls deyeloped, 
which separate one series of oral apertures from another. Sections have been made through 
polyps of each of the above genera, and reveal a mesenterial arrangement very different from 
that already described for genera where asexual reproduction by gemmation is the rule. 

Transverse* sections through two polyps of . U/aricia fray'd is are represented on Pis. XXIV 
and XXV. while the arrangements of the mesenteries of two different polyps of IsnjdtylHa are 
diagrammaticallv shown on next page. Fundamental differences are at once apparent, compared 
with the mesenterial plans already described. No directive mesenteries occur in those nor in any 
of the other examples studied Very rarely the number of complete pairs may be six, but is usually 
irregular, while the incomplete mesenteries vary greatly in number, size, and relation to the 
complete pairs. The hexameral plan is altogether departed from, and each stomocheum may have 
from ten to twenty-five complete mesenteries associated with it. A regular alternation of second 
and third cycle mesenteries is found in only one or two places, as at the upper right-hand region 
of tig. h\ hero and there a single unpaired mesentery may occur within an exoceele. Of the many 
polvps of each species examined no two display exactly the same number and relationship of the 
mesenteries. 

A like absence of hexameral, or any other, regularity occurs in the poly ps of Dirltocania 
and Faria (Pis. XIII and XVI). Transverse sections reveal a variable number of pairs of 
perfect mesenteries from four upward, according to the size of the polyp, while the 
alternating incomplete pairs are rarely the same in number and size in any two exoeudes, and no 
directives occur. 

hi sections of mature colonies of Marinina amohda only two series of mesenteries can he 
generally distinguished, complete and incomplete, the latter rarely aff ording evidence of alternating 
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second and third cycles. The number of mesenteries associated with the stomodieal systems is 
very variable, and in any colony, however largo, there are probably only two pairs of directives, 
situated at what may be regarded as the morphological extremities (p. 507). 

Compared with the cyclical complexity in JUlantrota* etc., the mesenteries of 

Mimnih'htit and ColpophyUift exhibit a remarkable simplicity of arrangement (PI. XXL fig. 
141). Practically all the pairs are complete, and may be regarded as belonging to a single order; 
here and there alternating incomplete pairs are met with, but it is impossible to establish a 
regular succession of complete and incomplete pairs. Never more than one or two alternations 
occur together, while frequently six or seven consecutive complete pairs limy be passed in review, 
all apparently of equal value, and all bearing tilaments. The incomplete pairs in all probability 
represent new pairs in process of development, which will ultimately become complete like the 
rest. Prom eight to sixteen mesenteries may be inserted on each stomocheum, according to the 
size of the oral aperture; apparently there is no regularity in the number of mesenteries which 
upon fission may be apportioned to each daughter stomodauim, In the living colony a small 
oral aperture with only seven or eight complete stomodieal ridges, representing so nianv mesen¬ 
teries. may appear as if just cut off from another large aperture with a dozen or more stomodieal 
ridges. 



, Fig. 5. 

T&ophylliu dipmt'ca .—Diagrammatic representation of the mesenteries in two polyps, The hexameral plan is departed from, the cyclic 

character is irregular, and no directives occur. 


The mesenterial development of Mttniehm has been traced from polyps with only one oral 
aperture to small colonies with four stomodieal systems (p. 508, et seq*), and similar early stages 
have been followed in jfiiwia (p. 508, <4 wq.). It is found that in simple polyps with only one oral 
aperture the hexameral cyclical character of the mesenteries is as regular as in any other 
sexually-produced polyp, or in adult polyps where columnar budding predominates; two pairs 
of directives also occur. It is only after fission has been established that irregularities begin 
to appear, and the hexameral plan is altogether lost. The subject of poly pal fission is fully 
described, and from the manner in which the process takes place it can be easily understood 
how the above mesenterial irregularities come to be established. 

It may therefore be taken as a general rule among corals reproducing by fission, that whether 
they give rise to distinct polyps, or form meandering systems, their mesenteries tend to lose the 
hexameral cyclical arrangement characteristic of the earliest stages, and probably never more 
than two primary pairs of directives are found in any colony, however large. Where the fission 
polyps are distinct, a cyclical disposition continues to be more or less recognizable, but where 
complex meandering systems arc formed only a single order, including some developing pairs, can 
be established. 
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The results on the 4 mesenterial arrangement in adult coral polyps may be thus summarized: 

The mesenteries in gemmiferous genera are regularly hexamerous, arranged in one. two. or 
more alternating cycle's, and two pairs of directives are present: lissiparous genera are devoid of 
any hexameral mesenterial plan, are imperfectly multicyelic or acyclic, and without directives. 
Only the members of the earlier cycles become inserted on the stomodieum in the former, while 
apparently any of the pairs may become complete in the latter. 

DEVELOPMENT OF PROTOCNEM ES. 

From the time of the publication of the classic researches of Lacaze-Duthiers (1872-73) 
onward, numerous embryologieal studies, upon both Actiniarian and Madreporarian polyps, 
have demonstrated that the twelve primary mesenteries always arise in bilateral pairs, but in an 
order which seems to vary somewhat in different species. The results of Lacaze-Duthiers were 
obtained by observation of the external appearances, apparently without continuation by means 
of sections, while the latter has been the method more usually followed in later investigations. 

In the Actinian larva? studied by him, Lacaze-Duthiers found that the first mesenterial pair 
divided the eudenteric cavity into two unequal compartments, known as dorsal and ventral. The 
second pair appeared in the larger or dorsal of the two chambers, cutting off a middle chamber; 
then within the primary smaller or ventral chamber the third pair was developed. According 
to Lacaze-Duthiers, the fourth pair appeared between the first and second pairs; hut in most 
subsequent researches, among which are those of II. V. Wilson on the coral Manic!net arcolaitt, 
J. P. McMurrieh on the Actinian It hod act is ticmcti-Thomw, and Cl. von Koch on CaryoqdnyUia 
cyathus , the fourth pair has been found to appear in the dorsal chamber beyond the second pair, 
and its members become the dorsal or sulcular directives. The fifth and sixth pairs were found 
to arise nearly simultaneously within the middle and ventro lateral chambers on each side. 

According to the Hertwigs (I8'7b), the fifth and sixth mesenterial pairs arise in Adamsia 
diaphana on opposite sides of the polyp between the first and second pairs. This has also been 
continued by Boveri (188b). In the light of subsequent results, such a condition must undoubt¬ 
edly he looked upon as exceptional, having been met with in no other species, while the number 
of forms in agreement with the relationships given above is continually increasing in the Aeti- 
niaria.and is the only sequence yet met with in the Madrcporaria. Appellof (IbOO), in connection 
with his studies on the development of [ T rticina cnixxieornis and Act hi la equina, discusses at 
some length the conclusions of Lacaze-Duthiers and later writers with regard to the mesenterial 
sequence of the primary eight mesenteries. In contradistinction to the successive development 
which Lacaze-Duthiers describes for A. equina , Appellof found that the first eight mesenteries 
appeared for the most part simultaneously, and doubts the possibility of the order of appearance 
being determined by external observation alone without the assistance of sections. Sometimes 
only the strongly developed ventro-lateral pair of mesenteries would bo visible from the outside, 
while transverse sections would demonstrate four pairs. His results on f T rtidaa showed consul 
erable variability in the mesenterial sequence. Reviewing the statements of different Act biolog¬ 
ical writers with regard to the appearance of the primary mesenteries, Appellof (p. 55) comes to 
the conclusion: 4 * Es ist wenigstens auf Basis des vorlnmdenen Materiales unmoglich cine 
bestiinmte Regel auszulinden. M 

In comparison with the variable results obtained in the Actinia? the protocnemic sequence in 
the Madrcporaria appears to he very uniform. 

Two most complete series of stages in the development of the protocneines of Madreporarian 
polyps are already known, thanks to the labors of Prof. II. V. Wilson and Prof. G. von Koch. 
The former (1888) has traced their appearance in the West Indian coral, J fanicina areoJata , from 
the. stage in the larva with but one pair of mesenteries to the young polyp with three cycles of 
mesenteries. 11 is results as to the first cycle conform with those of Lacaze-Duthiers on various 
Actinian types, the second and fourth pairs being transposed. 

G. von Koch (18b7) also describes and figures the order of development in ('anjophyU ia 
cyatha. s', from the stage with two pairs of mesenteries to the completion of the first cycle. In 
this species the order of appearance, subsequent development, and union with the stomodieum 
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of tlu* six pairs arc in perfect agreement with Wilson's results. I'he arrangement on the com¬ 
pletion of the six pairs represented in von Koch's fig. 1 exactly corresponds with that of the 
adult porn and /bjvVr.v, that is. four-pairs are complete and two pairs incomplete. 

My own results upon tile larva* of Mauirimt arntlnta^ so far as they go, conform with those 
of Wilson. Stages with from three to six pairs of mesenteries have been obtained, the last (PI. 
NIX, tig. 135), exactly reproducing the conditions of Koch's figure of Caryoplnjil ia. The 
young polyps of J Lanie'nut remained for a week or two at the /M/vf/yfe/W-stage, the first cycle of 
septa arising in the meantime. (Set* also p. 503.) 

The various stages secured in the course of the development of Faria fragtnn servo to sup¬ 
plement the results of 5\ ilson and von Koch on the two corals mentioned (Pis. XIII-XV, and 
p. 508). The earliest stage (tig. 11^) is from non-extruded larva* obtained from a decalcified 
colony. Three pairs of mesenteries are present, but only one of the pairs is yet complete, and 
this divides tlu* eceientorie cavity into two unequal chambers. In the larger or dorsal chamber 
a second pair of mesenteries occurs, the members of which, although incomplete, bear rudimen¬ 
tary mesenterial filaments. In the smaller ventral chamber the merest rudiments of another 
mesenterial pair are also seen. The middle pair, as is generally the case in Actiniarian and 
Madreporarian larva*, extends almost tlu* whole length of the cavity, tlu* filaments being strongly 
developed all the way. The dorsal pair terminates some distance in advance of the aboral end, 
while the ventral pair has a very restricted course, disappearing vertically before the inner end 
of the stomodauim is reached, and centripetalh never extending beyond the endodennal 
layer. Clearly, from the proportional extent of their development, both radially and vertically, 
the mesenteries have not appeared simultaneously, blit represent the first, second, and third 
bilateral pairs in the sequence. 

Sections of Faria larva' which had been extruded for six hours reveal the next stage (fig. 
113). Two pairs of mesenteries are here united with the stomodieum, and, by comparison with 
the previous figure, the additional complete pair is evidently the dorsal—the second in the mesen¬ 
terial sequence. The ventral pair is scarcely better developed than in the former polyp, 
but in sections immediately below the stomodivum a new pair—the fourth—has appeared at the 
other extremity of the polyp, and dorsal to the second pair. A few sections below this are found 
the rudiments of another pair, situated between the first and second pairs (tig. 114). These rep¬ 
resent the fifth pair in the mesenterial order and traverse only a few sections. As yet there 
are no indications of a corresponding pair between the first and third pairs. 

Sections of another larva extruded at the same time present the conditions represented in 
tig. 115. The first three pairs now extend as far as the stomodanuu, though the third pair ceases 
its connection in advanee of the others. The fourth pair is more strongly developed, and 
rudiments of the fifth pair also occur at the stomoda'al level, but are stronger below, where also 
an additional pair—the sixth, situated between first and third, is apparent (tig. 116). Incipient 
mesenterial filaments are present on the members of the third pair, while on the second pair they 
are filllv developed, but do not extend so far as on the first pair. 

Finallv, in larva* which had just settled, four mesenterial pairs have become complete, 
and the fifth and sixth pairs arc well developed in the upper part of the column, but remain free 
from the stomodieum (tig. 105). All tin* complete pairs are provided with mesenterial filaments. 

The series presented thus demonstrates that in regard to their proportional growth, both 
vertically and radially, the time of union with the stomodieum, and the appearance of the 
mesenterial filaments, a definite bilateral sequence is followed in the development of the 
protoenemes. The result is as follows: 

((/) The first pair becomes the dorsal moiety of the ventro-lateral pair of mesenteries on each 
side of the adult polyp. 

(/>) The second pair becomes the dorsal moiety of the dorso-lateral pairs of the adult polyp. 

(c) The third pair forms the ventral directives. 

{d) The fourth pair constitutes the dorsal directives. 

(e) The fifth pair becomes the ventral moiety of the dorso-lateral pair of mesenteries on each 
side of the polyp. 
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(f) The .sixth pair becomes the ventral moiety of the ventro-laterul pairs of mesenteries on 
each side of the polyp. 

A mono- the many larva* sectionized very few irregularities have been met with. Sometimes 
one member of a pair will appear in advance of the other: in one larva only live complete mesen¬ 
teries occurred, one member of the. third pair having lagged behind. A young polyp settled for 
some time still presented only three complete pairs along with three incomplete pairs. 

Although none of the other larva? which have been studied present so complete, a series as 
F. fray am , yet all the evidence from them goes to support the sequence just established. They each 
represent Fa via at one or other of its developmental phases. Newly-hatched larva* of Tsophyllia 
dij)sacra contain three pairs of mesenteries, the pairs differing greatly in the extent of their 
development (Pis. XVII, XVIII). The middle pair again extends nearly tin* whole length of the 
larva, and bears filaments which are strongly developed, especially at their lower extremity. Of 
the two smaller pairs, one is very rudimentary, while the other extends a short distance below tin* 
stomodaum. The stage very closely corresponds with that in the earliest available larva of 
F. fray am (tig. 112). 

The non-extruded larva of Port tea elararia also reveal a phase with three pairs of mesente¬ 
ries, while the mature polyps never get beyond the mesenterial stage with four pairs complete 
and two pairs incomplete a stage represented by F, fray am at the time of fixation. 

The larva of Ayarhda ayaridtea on extrusion already possess the six pairs of primary 
mesenteiies. all extending nearly the full length of the larva, but only the first four pairs are 
united with the stoiuodaum (PI. XXV). Below the stomodaal region all the twelve mesenteries 
also bear well-developed mesenterial filaments. In this species, then, the stage reached by 
the larva on hatching is directly comparable with that in Faria fray am , Manichm areolata , and 
Caryophyllia cyathns at or about the time of fixation, as well as with the adult polyps of Forth* s* 
and 2[adrepo)'a. 

The earliest larva? of Sidrrmttr&a radians sectionized reveal eight mesenteries arranged in 
four bilateral pairs. The two lateral pairs, representing the first and second in the .sequence*, are 
united with the >stomoda?um, while the dorsal and ventral axial pairs, representing the directives, 
are free. Of the two directive pairs, the ventral pair (111) is slightly larger than the dorsal pair 
(IV), and in larva a little older the former becomes united with the stomodami, while the latter 
is still free. In larva* of about this age the fifth and sixth pairs make their appearance, and the 
dorsal directives uniting with the stomocheum the larva has reached the FtJwarthta- -stage of 
mesenterial development. At about this stage tin* larva undergoes fixation. Filaments do not 
appear on any of the mesenteries until their connection with the stomodieuin has been fully 
established, but in most other species they are formed while the mesentery is still free. 

The order of appearance and subsequent development of the primary twelve mesenteries, 
within the sexually produced larva? and young polyps of the Madrepornria, thus appears to bo 
very uniform, for no exception to the sequence first established by Wilson and von Koch has yet 
occurred. In the extent of its development, and also in its strong mesenterial filaments, the first 
pair to arise usually assumes predominance, and retains it until most of the other mesenteries 
become fully established. While the second and third pairs are scarcely apparent the first pair 
may have grown nearly the full length of the larva, each member tipped with the mesenterial 
filament all the way. The seeond, third, and fourth pairs follow one another in regular succes¬ 
sion, uniting with the stoinodienm in the order of their appearance. 

lu most Aetbiological studies the fifth and sixth pairs an* stated to arise simultaneously, and 
II. V. Wilson observes the same for J Tanichat. Though such may often be the ease, instances 
occur in which one pair appears in advance of the. other, and where the same pair becomes united 
with the stomodauun before the other. Young polyps of a Sayartia from Beaufort, for which 
I am indebted to Dr. C. Grave, all show in seetion that the bilateral pair between the first and 
second Edwardsian pairs becomes inserted on the stoiiiodauun in advance of the pair between the 
first and third Edwardsian pairs. Another such instance occurs in the biul polyp of Cladocora 
arhasnda, represented in transverse seetion on PI. VIII, fig. Go. The polyp was preserved in 
a fully distended condition, the disk protruding in a cone-like manner above the zone of tentacles. 
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Transverse sections through the discal cone reveal five pairs of complete mesenteries, without any 
indications of others. The musculature is yet too feebly developed to allow of the paired charac¬ 
ter of the mesenteries being established by this means alone, but the larger interspaces and the 
examination of lower sections prove that the enumeration added is correct. In addition to the 
four Edwardsian mesenteries, the bilateral pair between the first and second pairs is complete, 
while the pair between the first and third, to be seen in the sections below, is still incomplete. 
In sections through the actual column wall, below the stomodieal region, the six pairs of protoe- 
nemes are equal in radial length, and six alternating pairs of metacnemes occur, the sulear mem¬ 
bers a little in advance of the suleular. In this instance the fifth pair is again complete before 
the sixth, and the first cycle of metacnemes is established before all the protoenemes are united 
with the stomodjeum. In the bud of Astranyia* represented on p. I(>0, fig. 8^, the fifth mesentery 
on the right side is completed before the one on the left side. 

In the seetion of the larva of Faria fnujuin^ represented in fig. 114, the pair between the 
first and second Edwardsian pairs is already represented on the larval wall, some distance below 
the stomodauun, by small mesogheal enlargements, but no tract* of any such enlargement yet 
occurs between pairs 1 and III, where the sixth pair will be situated (rf fig. 11<>). 

From these examples there can be no doubt that though the fifth and sixth pairs may at times 
appear simultaneously, yet at other times an interval occurs. The pair of mesenteries between 
the first and second protoenemic pairs is to be regarded as the fifth in the sequence, and the 
pair between the first and third as the sixth or last in the development of the protoenemes. The 
enumeration of these two pairs in II. \ . Wilson's figures of the mesenteries in an attached larva 
of J fanieina (PI. V, fig. 3D) should therefore lie reversed. 

In all the instances yet referred to, the fifth and sixth mesenterial pairs remain free from the 
stomodauun, and in numerous eases it has been found that this condition is retained for a very 
lengthened period. In young polyps of N. radian* completion was not attained within the course 
of four months, though the second cycle of mesenteries had appeared in the meantime. Likewise 
in the young polyp of F. fray tun* with four pairs of metacnemes, they are still free (PI. XIV, 
fig. 10D). All coral larva* appear to settle at or about the Edwards ia- stage, and the septa then 
begin to make their appearance. 

No important resting stage, in the appearance of the protoenemes, seems to be indicated in * 
any of the investigations yet conducted on the Madreporaria, though the comparatively strong 
development of the first pair must not be overlooked. With this possible exception, the develop¬ 
ment from the first to the sixth pair progresses with uninterrupted regularity, and the same may 
be said of the further growth of the first four pairs, as concerns their union with the stomodauun, 
but a prolonged interval separates the further development of the fifth and sixth pairs. Laeaze- 
Duthicrs and others have endeavored to establish several resting stages in the appearance of the 
six pairs of primary mesenteries of the Actiniaria, but the Madreporaria afford little support for 
such. 

The incompletion of the fifth and sixth protoenemic pairs is permanent in certain Zoantharia, 
and therefore this condition can not necessarily he looked upon as a developmental resting stage 
in the sense of Laoaze-Duthiers. Wherever these pairs appear in the Aetinian family Edwardskhe, 
they remain free from the stomodauun. and the same relationship holds for Gonactinia^ etc. 
Throughout the Zoanthea* the fifth pair remains incomplete, and the sixth pair becomes complete 
only in macrotypic members of the group. In the West Indian Aijrtasia annuhtta (Les.). I have 
found the pairs to remain free for the most part, although tlie second, third, and fourth orders of 
mesenteries were fully developed. They remain permanently free in Madrepova and Po rites. even 
when an increase beyond the usual twelve takes place. Numerous other instances may be cited, 
all tending to show that some significance attaches to the ineoinpletion of the fifth and sixth 
protoenemic pairs, as compared with the completion of the other four bilateral pairs. It is not 
merely a lagging behind in growth due to their later appearance. 

My studies lead me to believe that the earliest corals and Actiniums were characterized by 
anisoenemie pairs (excepting the directives), as compared with the isoenemie pairs of later corals 
and Aetinians. To-day. the former condition is retained in tin* Zoanthids. and in Parties and 
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JEulrejxu'iu and u> regards the protocnemes it persists for a long time in the growth of all others. 
The union with the stomodteum of the fifth and sixth protoenemie pairs'is assumed after a time 
by forms characterized by cycles of isocnemic mesenteries; but they remain incomplete in Actin- 
ians and corals (Zoanthids, /b/vVcs’, Madrepora) characterized by anisociieiiiic pairs throughout. 
Perhaps an earlier phylogenetic stage is represented by the Cerianthids and Alcyonarians, in which 
the incomplete moieties altogether fail to appear. 

Mueli difference is apparent as regards the position at which the mesenteries first make their 
appearance. The first two or three pairs seem to arise in the angle between the stomodieal wall 
and the outer wall of the larva, and then to grow in both directions—that is, down the stomo- 
dival wall and the larval body wall, the latter extension being the more rapid. This is very 
elearlv shown in the figure of the living larva of hophylVau and in the sections through the oral 
region (PI. XVII). While the members of the middle pair extend all the way down the 
stomodieal wall, and nearly as far as the aboral pole of the larva, the two smaller pairs pass 
scarcely at all down the stomodamm, and only for a short distance along the larval wall. The three 
first mesenterial pairs in Faria probably arise in the same eireumoral position, but the fourth 
pair is first apparent on the larval wall a little below the stomodamm (Pis. XIV, XV), and the 
fifth and sixth pairs arise still farther down. 

Early bud polyps of Madrepora also illustrate the same relationship (PI. III). Here the 
four primary mesenterial pairs are seen in the angle between the outer wall of the bud and the 
stomodival wall. They extend the whole length of the stomodamm. and for some distance along 
the outer ctenosareal wall. On the other hand, the rudiments of the fifth and sixth pairs are 
first seen on the outer wall, some distance removed from the oral aperture. 

Probably in most Actiniaria and Madreporaria the fourth, fifth, and sixth protoenemie pairs 
arise independently of the stomodamm, and some way from the oral pole. When the appearance 
of the tentacles has established the topographical regions of disk and column wall, the metaenemic 
pairs are also found to arise somewhere on the latter, usually nearer the oral than the aboral 
extremity. Only later do they grow upward, and then inwardly along the diseal wall, and in 
most cases ultimately reach the stomodamm and extend down it. 

A marked distinction may thus be established in the place of origin of the different mesen¬ 
terial pairs, the distance from the oral apertures varying with the relative age of the mesenteries; 
the earliest pairs arise cireumorally, the later pairs are some distance removed. This further 
supports the contention that the Anthozoa are not primitively cyclical forms, but suggest an 
aneestrv in whieh the organs appeared bilaterally, in an antero-posterior succession. 

Several early stages, obtained in the development of bud polyps, suggest that in the asexual 
method of increase there is the closest agreement in the order of appearance of the mesenteries 
with that above described for the sexually produced polyps. The earliest stages have not been 
secured, and the evidence is therefore not so complete as in the larva'. The youngest bud is one 
of Vhtdnmra arbaxcula* in which eight protocnemes are already present, all united with tin* 
stomodamm. Shortly below the stomodamm only four mesenteries remain, and bear mesenterial 
filaments; then two of these disappear, and the remaining couple are continued much farther, and 
bear filaments almost to their termination. The musculature at this stage is too weak to permit 
of the actual arrangement in pairs being determined by means of it, but from the greater length 
of one pair of mesenteries, and the stronger development of its filaments, it may reasonably be 
assumed that it represents the first pair of mesenteries, and that the order of disappearance of 
the others indicates their successive origin. 

In other buds of Chtdorora examined, all the protocnemes are already developed, the 
Edwardsian mesenteries complete, and the fifth and sixth pairs incomplete, just as in larva? at or 
about the time of fixation (PI. VIII, fig. 01). Buds of Solenaxtrwa have also been secured, in 
whieh only four pairs of mesenteries are complete and bear mesenterial filaments, while the two 
incomplete pairs are without filaments, and disappear in advance of the other mesenteries (Pis. 
XI and XII). The bud polyp of Astraugicu whose mesenterial plan is represented on p. 40o. 
indicates a somewhat later stage. In the very early bud of Madrepora , already referred to. all 
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the protocnemes uiv present, hut their relative sizes are in conformity with those of the buds of 
Clmloeortt and Soli nasirn j a* and may indicate a like successive origin. 

Summarizing, we timl: (1) That the twelve protocnemes arise as six bilateral pairs in a defi¬ 
nite sequence, which is probably the same throughout the Madreporaria, and conforms with that 
characteristic of most Actiniaria. (2) The first two or three pairs arise at the angle between the 
stomodamm and the larval wall, while the later mesenteries first appear on the column wall, some 
distance from the oral aperture. (3) Two pairs of directives are always present, formed from 
the third and fourth pairs of the mesenterial sequence. (4) The first four pairs unite with the 
stomodamm in the order of their appearance (Erf trim!si a -stage), and a long interval elapses 
before the fifth and sixth pairs become complete; the fifth pair may develop somewhat in advance 
of the sixth pair. In some cases the fifth and sixth pairs are permanently incomplete. (5) The 
development of the protocnemes in asexually produced buds is in close agreement with that of 
sexually produced polyps. 

FIRST ( 1 YCLE OF METACNEMES. 

While much attention has been given to the order of appearance of the six pairs of protoc¬ 
nemes in the Madreporaria and Actiniaria, comparatively few observations have been recorded 
with regard to the order of development of the pairs of metacnemes. For the Madreporaria, 
the establishment of the latter becomes a matter of great importance, seeing that upon it is 
dependent the order of appearance of the septa, a question already much discussed by students 
of the hard part of corals, but with varying results. 

The transition from the protocnemic to the metacnemic stage of Anthozoan development is 
one of the greatest morphological significance. Lacaze-1 luthiers (1872) was the first to realize 
this in the Actinia', and in his resume of the development of Actinia equina (p. 302) he writes: 

• Le nombre. la grandeur, la position et la symmetric des parties ne sontpas determines par 
les memes lois a toutes les epoques. Ainsi In loi qui preside a la multiplication des parties depuis 
Torigine jusqifi an nombre douze, n'est pas la illume que celle qui regit la multiplication a pres 
que ee chiffrc est atteint.” 

As regards sexually produced coral polyps, no previous accounts of the actual order of appear¬ 
ance followed by the metacnemes are available. The einbrvological observations of Laeaze- 
Duthiers, von Koch, and Wilson, so far as concerns the polyps themselves, practically cease with 
the protocnemic stage. Wilson describes the mesenterial condition in young polyps of Manicina* 
but gives no account of the sequence according to whieh the stages have been reached. 

I have been fortunate in rearing young polyps of Sidei'astrxa radians as far as the 
completion of the first cycle of metacnemes, and the various stages in the appearance of the 
latter have been obtained. Full details will be published later, but the diagrammatic tigs. (> (a-c) 
indicate the actual results. The polyps at fixation contained only the six pairs of protocnemes, 
as usual, four pairs complete and two pairs incomplete. The fact that the protocnemes retain 
this proportional development enables the dorsal and ventral, or sulcular and sulcar aspects, to be 
determined. The polyps remained thus for about a month, the first and second cycles of tentacles 
appearing in the meantime; then, in tin* largest specimens, a mesenterial pair was observed 
within the dorsal exocudo on each side, situated toward the aboral region of the column. A few 
days afterwards, a similar mesenterial pair appeared within each of the middle exocceles, the 
dorsal pairs at the same time extending higher up the column. Later, a mesenterial pair was 
formed within each of the ventral exocceles; so that six new isocnemie pairs were now present, 
diminishing* in vertical and radial length from the dorsal to the ventral side of the polyp, 
according to their order of appearance. The fifth and sixth protocnemic pairs remained 
incomplete throughout. 

The mx unilateral pairs of mesenteries, of three different sizes, continued their growth pari 
pastta with that of the polyps as a whole, and when the latter were about three mouths old became 
nearly equal in size, constituting a distinct second cycle. In time, the mesenteries, growing both 
upward and downward, extended the full length of the column and partly across the disk, but in 
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no instance did they stretch wholly across, and become united with the stoniodnmm. Subsequent 
examination, by means of sections, showed that in each pair the retractor muscles were disposed 
on the faces turned toward each other, thus resembling the unilateral pairs of the first cycle. 



I 


o. 


Fig, tJ, 

Shiernstrn'ft radian *.—Three diagrammatic figures illustrating the order of appearance of the first cycle of metaenemes in larval polyps. 
The Roman numerals I are opposite the protocncmir pairs, and the letters A-C indicate the succession of the metaenemes, 

\\ hile the actual mode of appearance of the mesenteries could be thus followed step by step in 
$nl< nixtrxu, young polyps of Faria fniyam were obtained with the mesenterial conditions shown 
<>n [)]). 509, 510, and from these certain conclusions are warranted. Four pairs of second-cycle mes- 
ciitei ics aie present in tig'. 15c, in addition to the six pairs of protocnemes. Of the four metaeuemie 
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pairs, the two larger are situated within the dorsal or sulcular oxoeude on each side of the poly]), 
and the two smaller pairs art' within the middle exocudo on each side (see also, El. XIV, tig. 10!*). 

In addition to these two instances, a number of early mesenterial stages have been secured 
from young buds, and there is little doubt that the process of metacnemic development in these is 
exactly tin' same as that followed by polyps with direct larval predecessors. 

Fig. So, on El. XII. represents a transverse section through the stomodanil region of an 
expanded bud of So/cnttsft'&ft. The protoenemes are in the 7v7?/vm/.svVstage of development, 
and within each of the dorsal or sulcular exoeudes a pair of metacnemes has appeared. Sections 
of the same bud, taken a little below the inner termination of the stomodieuin, reveal, in addition, 
a rudimentary pair of metacnemes within tin* middle oxoeude on the right side, though no trace 
of new mesenteries appears in the left middle exoecele; the sulcular pairs are also much further 
developed than in the upper region, and are much larger than the single middle pair (tig. 87). 

The stonuaheal region of another bud of NVe/nwf/vw, somewhat younger than the former, is 
represented on El. XI, tig. 82. Of the protoenemes. four pairs again are complete and two 
pairs incomplete. In this instance the first two pairs of metacnemes are very rudimentary, and 
appear within the middle lateral exoeudes, not as before, within the sulcular exoeudes. The new 
pairs are slightly better developed in sections somewhat lower, but no dorsal or ventral pairs were 
encountered. 

In later buds of Sole)uu*tr;v<t six pairs of metacnemes occur, a pair within each of the primary 
exoeudes, and these exhibit a developmental succession from the .sulcular (dorsal, axial) aspect to 
the sulcal* (ventral, abaxial). In older buds all the pairs are equal in size, forming a regular 
hexumeral second cycle, and this is the adult condition of most of the polyps in a colony (tig. 81). 

The diagrammatic representation of the mesenteries of a young polyp of Astr<m</hi solitarht 
on p. 40(>. also indicates a like dorso-ventral succession for the second order of mesenteries in 
this species. 

Ends of Cladocom itrhwcula reveal somewhat similar conditions in the appearance of the 
metacnemes (p. 458). Fig. 61, on El. VI11. represents a transverse section through a bud in 
which two pairs of mesenteries are present, in addition to the six pairs of protoenemes; of the 
latter only the Edwardsian mesenteries are complete and bear mesenterial filaments. The two 
pairs of metacnemes (A. A) are very rudimentary, and extend but a short distance down the 
column wall, and are devoid of mesenterial filaments. The proportional development of the 
protoenemes enables the dorsal and ventral aspects of the polyps to be determined, and serves 
to indicate that in Cladocora the first metacnemes appear within the ventral or snlcar exocoeles, 
as compared with their dorsal or sulcular origin in SoUna.str^a (El. XII). Comparing fig. 87 with 
fig*. 01, the sulcar aspect in both genera is seen to be the outer or abaxial with regard to the rest 
of the colony, while the sulcular is the inner or axial; therefore, in the two species the metacnemic 
succession proceeds from opposite* aspects. 

PI.\ 111. lig. 02, represents a transverse section through a somewhat older hud of Cladocora. 
The specimen is exceptional in that the dorso lateral pair of protoenemes is missing from the 
left side, so that the polyp is pentamerous. Five ‘alternating pairs of metaeneines also are 
present, and their interest in the present connection lies in the fact that they show a marked 
gradation in the extent of their development, in passing from the outer to the inner aspect. 
Mesenterial filaments occur on the pairs in the sulco-lateral exoeudes. and the longitudinal 
muscular fibers are also determinable. This latter character is apparent on the metacnemes in 
the middle lateral exoeudes, but no trace of mesenterial filaments occurs. The single pair in the 
sulculo-lateral exoecele is very rudimentary. lhe proportional development indicates the same 
relationship as tig. 6L, namely, that the metacnemic sequence is from tin* abaxial to the axial 
border of the polyp. At a little later stage the polyps of Chulocora consist of six protocnemie 
pairs, all the members complete, and of six alternating nietacnemie pairs, all incomplete and 
equally developed. Many polyps in a colony are found in this condition. 

The manner of appearance of the first cycle of metacnemes in asexually produced coral 
polyps is thus in closest agreement with that in larval polyps. In both eases they arise as 
isocnemie pairs within the six primary exoeudes. and in bilateral order from one aspect of 
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the polyp to the other, tho aspect varying, however, in different species. In S?der<fstr&«, 
So/citcistr&d, Farid % and Ant rang in the succession is from the dorsal to the ventral side, in buds 
of ( tailoconi from the ventral to the dorsal. The exceptional succession in the latter may be 
in some way dependent upon the more rapid growth which takes place on the abaxial side of 
the buds, as compared with the axial. Before it can be regarded as actually characteristic 
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Fu*. 7. 

Cladocora nrhusntto.— Four diagrammatic figures illustrating the order of appearance of the mesenteries in bud polyps {cf. Hs. Vl-VIII). 
(In b the lower bilateral pair marked V, V, should have been lettered VI, VI.) 


of the species, it will be necessary to follow the sequence in polyps reared directly from lame, 
as in the case of Siderastnca. Until such is carried out, it may be taken as a general rule that 
the development, of the second order of mesenteries is from the dorsal to the ventral aspect 
of the polyp: that is, from the anterior to the posterior border. 
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A wide distinction in their manner of appearance, thus separates the members of the second 
order of mesenteries from those* of the first, order. The primary mesenteries appear in Idlntt nil 
pairs* in a succession which is first toward one aspect and then toward tin* other aspect of 
the polyp, and so on. and only later do they constitute unilateral pairs, in which the musculature 
is on the faces turned toward each other. With the exception of the directive pairs, the two 
members of each unilateral pair arise at different times, the dorso-lateral pairs being constituted 
of mesenteries 11 and V, and the ventro-latorul pairs of mesenteries l and Yl, in the protocnemic 
si**]nonce: and for a long period the lateral pairs are anisocnemie. The secondary mesenteries also 
arise in a bilateral manner, but are in unilateml {hocnethic) jxth'Hfrom the (>*juunng, and in any 
polyp they are formed in only one succession, from the dorsal to the ventral aspect, alternating 
with the primary pairs, and situated within the primary exoeudes. In mature polyps the secondary 
mesenteries are all equal, except perhaps in their vertical extent, and are arranged around the 
polvpal wall with perfect hexameral radial symmetry, all traces of their bilateral succession 
being lost. 

Where coral polyps attain considerable size, as in Orbieella nu'ernosa and Phyllangia 
aimrtetma* tin* members of the second order of mesenteries often become united with the 
stoniodieum. In doing so they follow the same antero-posterior succession as that characteristic 
of their order of appearance in the young poh p (see tig. 9/<, p. 434). 

SECOND CYCLE OF METACNEMES. 

The order of appearance of the second cycle of metacnemes. or third order of mesenteries, 
may now lie considered. These, when complete, consist of twelve equal pairs, a pair within 
each of the exocceles between the protoenemes and the first-cycle metacnemes. The succession 
has not been followed upon any coral polyp reared directly from the larva, hut-sufficient evidence 
is forthcoming from the asexually produced polyps of several species to indicate in a general 
way the manner in which it is carried out. 

Mature polyps of Chtdncora avbnxeidd and A-dntugia soUturia usually contain a certain num¬ 
ber of second-order metacnemes, but apparently never the full complement of twelve pairs. It 
is therefore possible to obtain from these certain intermediate stages in the establishment of the 
cycle. PL VI, fig. 49, represents a section through the stomodieal region of a poly]) of Ghi decora 
with sixteen pairs of mesenteries. Of these the six complete pairs are protoenemes, the six alter¬ 
nating pairs are tirst-cvcle metacnemes, and the four pairs remaining are the only representa¬ 
tives of the second-cycle metacnemes. The latter are but feebly developed, and without 
mesenterial filaments. The fact of greatest importance, in connection with the four new- pairs 
of mesenteries, is their restriction to only one exoccele within each of the six primary systems; 
they are not developed in both the exoeudes within the. two ventral systems, as considerations of 
svmmetrv would suggest. It will be also observed that in each case they occur within the 
exoccele on the dorsal aspect of the second-order mesenteries {cf \ p. 458). 

The polvps of Cladocom arhuscula very rarely pass beyond the stage with sixteen mesen¬ 
teries. which corresponds externally with thirty-two tentacles. For the further mesenterial 
sequence therefore other species will he employed. 

All the members of an isolated group of eight separate polyps of Astnuujia sohtarut were 
decalcified and sectionized, and the stage reached in the mesenterial development of each is 
diagranmiatically represented in figs. 8 ("-{/). Camera lucida drawings of a transverse section 
from two different individuals are also given on Pis. \ and \ I, figs. 43. 47. I lie seven 
diagrammatic figures reveal that no two polyps in the group were alike in their mesenterial 
arrangement, so that the series may he taken as affording a fairly complete representation of 
the order of mesenterial development generally followed in this species. 

Fig. is taken from the* smallest of the polyps. In this instance three members of the 
protoenemes are still incomplete, and only four pairs of metacnemes have yet appeared, situated 
within the dorsal and the middle primary exoeudes. Flie sequence of the first-cycle metacnemes 
is evidently similar to that of the polyps of Sulrraxtr&a above described (p, 453). In the next 
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largest polyp (tig. S> 7 >) the first two cycles of mesenteries are fully established, a pair of metacnemes 
having appeared within each of the six primary exocieles. 

I 



I 


Fig. So. 

Astranpia solitaria.— Fig. S. Series of diagrammatic figures («-</) illustrating the order of appearance of the mesenteries of the first and 
second cycles of metacnemes. a , Four isocnemic pairs of the first cycle of metacnemes are present t II), while three of the protocnemes 
are not yet united with the stomodamm. 

I 



I 


Fig. 8b. 

A&tranyia solitaria .—The protocnemes are all complete, and the six pairs of first-cycle metacnemes have all appeared. 

Fio‘. cV presents the first appearance of the third-cycle mesenteries or second-cycle metacnemes. 
which are to be especially studied. A new pair of mesenteries has appeared within the exocude 
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on each side of the dorsal directives and the pair of dorsal second-cycle mesenteries, and a similar 
pair within the left middle system III. 


m T nr 



Fig. 8c. 

Astrangia solitaria .—Three pairs of second-cycle metacnemes (III) have arisen toward the dorsal aspect of the polyp. 



it 
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Fig. 8 d . 

Astrangia solitaria .—Two additional pairs of second-cycle metacnemes have appeared: as yet only a single pair of second-cycle metacnemes 

is contained within each primary exoccele. 

In tig. &cl two additional pairs occur, one in the right middle system, and one in the left 
ventral system. Two other polyps sectionized from another colony exactly correspond with 
tig. $(I. 
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The polyp from which fig. Sc was taken contains a like number of mesenteries, but the right 
middle system includes only one pair of mesenteries, while the right ventral has two. 

hi x in 



Fig. 8 c . 

Astrangia solitaria .—The development of the mesenteries within the ventral exoeoellc chambers is exceptional in that it is in 
advance of that in the right middle exoccele (rf, tig. -17, Pi. VI). 

In fig. b/’ from another polyp, a third-et'cle pair occurs in each of the six primary systems. 

X 

nr ur 
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Fig. 8/. 

Astranyta solitaria.—A pair of second-cycle metacnemes now occurs within eneli primary exoccele. 
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So fur tho series serves to demonstrate the important fact, lirst suggested by 
that in the establishment of the third order of mesenteries only a single pair lirst arises within 
each of the six primary systems, not two pairs oik* in the exoeade on eaeli side of the second- 
cycle pair—as might have been expected. Further, the pairs do not appear simultaneously, any 
more than do the members of the lirst and second cycles. They present evidence of a general, 
though not rigid, succession from one border of the polyp to the other. What this aspect is, 
whether dorsal or ventral, can not be determined in polyps at this late stage, seeing that the 
protocnemes are all complete. In isolated polyps apparently no means is available for such an 
important determination; the relative sizes and vertical extent of the second-cycle mesenteries 
are of no assistance. The latter are now practically of the same size, and any variation they 
may present is of very uncertain value. However, as in most species the succession of the second - 
cycle mesenteries is found to be from the dorsal to the ventral aspect, 1 have disposed tlit* figures 
in such a way that they indicate a like succession for the first six members of the third eyele. 



X 


Fig. ty. 

Asttranffia solilaria .—An additional pair of tertiary mesenteries has appeared within the right middle exoctele ( cj , fig. 13, PI. V). 

In some instances (tig. 8c) the growth is more rapid on one side than on the other, and in fig. Sc 
the right middle pair has lagged behind. In A. xohtarnu at any rate, a certain amount of 
individuality in growth is exhibited by each sextant, and mesenteries may appear in one irrespective 
of the condition in other divisions. 

Clearly, in order to complete the third cycle of mesenteries according to the hexameral plan, 
a second pair of mesenteries must now arise in each of the six primary systems, and within the 
exoeade on the ventral aspect of each of the second-cycle mesenteries. 

Such has already taken place in tig. S(f in connection with the right middle system, but a 
lagging behind occurs in the left ventral system, as only a single mesenterial pair is yet developed. 

Polyps of Astran</!a mlitaria rarely exhibit more than seven or eight third-cycle mesenteries; 
no specimen with the full twelve pairs has been met with. The further stages necessary to 
complete the third order may, however, be obtained from the larger polyps of the closely allied 
Pit \jl l a Hfjui ot/tet'ieunu . 
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Fig. 9/t represents a transverse section through a polyp of l\ americana* in which ton pairs 
of mesenteries are complete; six pairs represent the protocneines. while the other four pairs 
belong to the second order. The remaining two pairs of secondaries are still incomplete. The 
full complement of twelve tertiary pairs is present, except for one pair in the dorsal exocoele of 
the two ventral primary systems. Mere, as before, it will he understood that the dorsal and 
ventral aspects were not actually determinable. 

Fig. !>/, from a still larger polyp of Phylhmyla* reveals twelve pairs of complete mesenteries 
belonging to the first and second orders, and twelve alternating pairs of incomplete mesenteries 
representing the third order. At the dorsal extremity a few pairs of mesenteries of the fourth 
order have also appeared. Polyps of PlujUangla rarely contain more than this number of 
mesenteries, so that it has not been possible to follow the method of growth of the fourth 
order. All that can be asserted from tig. h/ is that the mesenteries of the fourth order begin to 



Fig. y/<. 


PhyUangia amcrirnnn .—Order of appearance of the metacnemes continued. Other pairs of second-cycle metacnemes (III) are present, and 
four pairs of the first-cycle metacnemes (II) are now united with the stomodaMim. Tim succession of growth is from the dorsal to the 
ventral aspect. 


make their appearance atone extremity of the polyp, which is probably the same as that at which 
the members of the second and third orders first arise. 

The sections of the polyps of Faria fray am represented on page 510, and of Man lelna areola la 
on page 50L reveal that in these species the. order of appearance of the third-cycle mesenteries 
follows a succession closely comparable with that in Chuloeora , A*trangl<( % and PhyUangia. 

The order in which the twelve pairs of tertiary mesenteries are developed may be thus 
summarized; 

The members of the third order of mesenteries arise in successive isocnemie pairs, after 
the establishment of the secondary mesenteries, within the exoecelie chambers between the 
pairs of the first and second orders of mesenteries. In a general way, two stages of growth are 
distinguishable: First, a single pair arises within each of the six primary systems, that is, within 
only one of the two exoeceles, the. succession being from one aspect of the polyp to the 
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other; second, another pair appears within each of the remaining exocmlie chambers, the clitl'erent 
menihers of the series of six pairs following the same succession as the lirst series of six pairs. 
The regularity is by no means strictly adhered to; growth in one sextant of the polyp may 
be in advance of growth in another, independently of the general dorse-ventral succession. 
Fart or all of the twelve pairs necessary to complete the order may be characteristic of any 
species. Ultimately all the tertiary pairs attain the same radial extent, which is less than that 
of the secondaries. 

APPEARANCE OF MESENTERIES IX POLYPS REPRODUCING BY FISSION. 

All the examples referred to above, as attaining a cyclical disposition of the mesenteries in 
the adult polyp, are species reproducing ascxually by gemmation. A perfect regularity, as regards 
the radial length of the mesenteries of the different cycles, obtains in these, exactly as in sexually 
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Fig. «.*/. 

Phyllangiu amcricaua .—All the secondary mesenteries are now united with the stomodseum, and along with the members of the first order 
(protocnemes) constitute the first cycle of mesenteries. Four pairs of third-cycle metacnemes (fourth-order mesenteries. IV) have 
appeared on the dorsal side. 

produced polyps. The organs do not continue their growth indefinitely until reaching the 
stomodienm; only the members of the first order of six pairs, or, in larger polyps, those of 
the second order also, become united with the stomodieum. The remaining orders extend for 
definite radial distances from the body wall, uniform for the members of any one cycle, and in 
the main characteristic of the species. The adult arrangement has been shown to be otherwise 
with species in which asexual reproduction by oral fission prevails; and this whether the new 
polvps become distinct, each with its own tentacular system, or whether they remain incompletely 
separated, and give rise to meandering tentacular and diseal systems (p. 148). 

In describing the mesenterial arrangement in the genera J l&amln'na and ('oljHppInjllta 
(p. 449), it was found that the mesenteries at most are divisible into only complete and incomplete 
pairs, but that the alternation is by no means constant. Sometimes several complete pairs are 
found without any intervening incomplete pairs, while, when the latter do occur, they arc very 
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variable in the extent of their development. One pair may extend nearly as far as the stomodamnu 
while another may be merely incipient; further, the complete or incomplete pairs belonging to 
opposite sides bear no bilateral relation to one another. 

In these genera, therefore, the mesenteries manifestly arise in single exocmlic pairs- at almost 
any region of the colony, though more freely in the regions of forward growth. The new 
pairs, however, do not continue as a separate incomplete cycle, but become larger and larger, and 
ultimately come into union with the stoiiiodseum, while other new pairs appear in the meantime. 

Similar relationships of the mesenteries are also described for LxoplnjHia , Fa via. Agar Ida . 
and others. In transverse sections mesenteries of ail sizes are found, representing different 
stages of growth, but without any regular alternation of small and large pairs; the Roman 
numerals only approximately indicate any ordinal relationships of the pairs. Here again, one can 
only assume that the different pairs arise for the most part independently of any cyclic plan, and 
that each pair continues to increase in size, and may ultimately become complete. If the polyp 
be in an actively growing condition, fission will again stop in, the mesenteries which before 
were incomplete now become complete, and new pairs continue to arise in the daughter polyps 
in the same irregular fashion. 

When the very regular cyclic arrangement of young polyps of Jfanidaa a red* it a is com¬ 
pared with that after fission is well established (p. 503. et xey.), it is seen that the order of appear¬ 
ance of the mesenteries is becoming fundamentally altered. It is manifest that single pairs arise 
at any point, and grow independently of the others already present, so that in different primary 
exomdes they may be one, two, three, or even four incomplete pairs. 

It may therefore be accepted as a general rule, that in genera reproducing by fission, the 
mesenteries are not developed according to any regular cyclical sequence, once fission has become 
established; but they arise as isolated oxocoelie pairs, in regions of most forward growth, and 
each and all the pairs may ultimately become complete. This is more fully illustrated under 
fission in J lanidna and Faria (p. 502, et &eq). 

INCREASE OF MESENTERIES IN FORITES. 

As already mentioned, the tentacles and mesenteries in the genus Pnrite* are always twelve 
in number, and larval in the extent of their development, the Edwardsian mesenteries alone being 
complete. Very exceptionally polyps are met with in which these organs may be increased to 
fourteen, sixteen, or even twenty-four, the polyps maintaining a circular form, like that of the 
ordinary polyp, only larger. Similar numerical increases are likewise occasionally found in the 
septa of individual eorallitcs. A study of transverse sections of these larger polyps reveals that 
the increase in the number of mesenteries proceeds in a manner different from any yet described 
in the Madreporaria. The diagrammatic figures It) and 11, and the camera drawings on PI. Y 
(rigs. 41, 42). will serve to explain the various sequences followed. 

In fig. 41, and 10/, is represented a transverse section through the stomodaml region of a polyp 
in which fourteen mesenteries are present, that is, two beyond the usual number. The twelve*, 
primary mesenteries are easily determinable from the arrangement of the retractor muscles, and 
retain their original condition, that is, four pairs (1 IV) are complete and two pairs (V, VI) are 
incomplete. Within the sulear or ventral entocuffe, however, another complete pair (A, A) has 
been added, and the sulear directives are pushed farther apart. The retractor muscles on the 
newly added pair are on the faces of the mesenteries turned toward each other, so that each forms 
with the adjacent directive mesentery a unilateral pair, in which the retractor muscles are on the 
mesenterial faces turned from one another as in directives proper. 

The next stage (fig. 10J) obtained is one in which eighteen mesenteries occur: fourteen are in 
the same condition as in the previous polyp, and the four additional members are situated within 
the entoccele of the seventh pair. The bilateral pair, 1>, B, is very rudimentary at this level, but 
becomes proportionally better developed a short distance below the stomodival region; each 
member forms with the adjacent moiety of pair (AC a unilateral, anisocnemic pair, in which the. 
retractor muscles are vis-a-vis. A similar stage is represented in the next figure (fig. 1(V), 
except that an unpaired complete mesentery is added within the entoctele of the last bilateral 


MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 


407 


pair C. C. In tlio polyp from which tig. Uuf was taken :i pair of completi' mesenteries occurs, 
in place of the unpaired member of (he previous polyp. Below the stomodival region, (In* mem¬ 
bers of pair D, 1) are found to belong* to the smaller series, corresponding in size with pair B, B. 


A TEL 



A A 


Fig. 10a. 

Forties. —Fig. 10. Increase of mesenteries beyond the protocncmir stage, as exhibited by various polyps. The six pairs numbered I-YI and 
represented by thicker lines are the protoenemes. «, An additional bilateral complete pair (A, A) occurs within the exoeoele of the 
ventral pair of directives. 

All the additions thus far are within the entocudo of the ventral pair of directives, but in 
fig. 11 the new mesenteries are disposed within the ontocode of the dorsal directives. In Hr/, 



Fig. 10b. 


Forties . —Two further bilateral pairs have been added; one (B, B) incomplete, and another (C, C> complete. Mesenteries III, A, oil each, 
side form unilateral isocnemic pairs, in which the retractor muscles are oil the faces of the mesenteries turned away from each other, 
as in directives; mesenteries B, C, on each side constitute unilateral anisocnemie pairs. 

three bilateral pairs are represented, all the members of which are attached to the stomodanun. 
The retractor muscles are so disposed that, as in the previous instances, the members of the first 
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new pair form with the adjacent members of the primary directives an isocnemie pair of directives 
on each side, and the moieties of the next two bilateral pairs form a pair on each side, in which 
the limseles are turned toward each other. 



Fin. 10c. 

Poritrs .—A single additional mesentery (D) has appeared without a corresponding member to form a pair. 

Fig. 11 h is the diagrammatic representation of tig. 42, PL V, which is taken from a section of an 
enlarged polyp of Po rites* The figure of the section will give some idea of the difficulties involved 
in unraveling the relationships of the various mesenteries to one another. It is only by deter- 
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FKJ. 10(f. 


Poritrs .—Four additional bilateral pairs are present. The pair I), I) is united with the stomodienm, blit below this region is shorter than 

pair C, C, showing that it belongs to the mieroenemic series. 

mining the faces of the mesenteries bearing the retractor muscles, and the proportional sizes of 
tin* mesenteries, that the primary and the later mesenteries eun be established in their relations 
to one another. Comparing fig. 11 h with fig. 42. it is seen how the pairs in the actual section 
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correspond one by one with those in the diagrammatic plan. It is further manifest that no other 
arrangement of the pairs than that ottered would represent the primary mesenteries with the 
characteristics they present in ordinary polyps. In the region here, figured, the dorsal directives 



Fig. lla. 

Pontes. —Fig. 11. Increase of mesenteries continued. All the additions occur within the dorsal directive entoccele. a, Three new pairs 

(A. C) occur, all of which are united within the stomodseum. 

belong to the smaller series of mesenteries as well as the new bilateral pair next to them, and as 
in the previous tigure the adjacent moieties of each pair constitute a pair of directives. The 



m in 

Fig. 116. 

Poritnt ,—Section of another polyp, below the stoniodfeal region. Mesenteries IV, A. on each side constitute microdirectives. and B. Care 

anisocneinic pairs tcf. PI. V, tig. 42). 


next two mesenteries on each side form a unilateral pair in which the ventral moiety is large and 
the dorsal small. 
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Fig. 11 o is from a transverse section through the stoiuoda?al region of a polyp in which twenty- 
four mesenteries are present, arranged in twelve bilateral pairs. The primary dorsal directives 
(IV, IV) are incomplete at this level, as often happens in ordinary polyps. The unilateral paired 
arrangement of the six new pairs of mesenteries, as regards the complete and incomplete moieties, 
is exactly the. reverse of that of the primary mesenteries. In the former, the incomplete 
members have their musculature on faces directed ventral wards, while in the latter it is toward 
the dorsal aspect. Four isocneiuic pairs occur in which the retractor muscles arc on the faces 
turned away from one another (directives), and eight anisocnemie pairs in which the musculature 
is on the faces turned toward each other. 

Of the many living polyps examined, none showed a stage beyond that represented in fig. 11c. 
In one or two instances where twenty-four mesenteries occurred, the stomodauim was found 
to have undergone fission in the dorso-ventral or directive plane, and with each stomodrcal tube 
were associated six pairs of mesenteries, arranged exactly as in ordinary polyp. Of the six pairs • 
in each fission polyp, three belong to the primary series of mesenteries, and three to the later 
formed pairs (p. 514). 



Fig. Uc, 

Porih *.—six new mesenterial pairs liave appeared, equaling in number and corresponding in arrangement, only in reverse order, with the 

protoenemes. 


The results may be summarized as follows: 

1. In /b/vVos* new mesenteries beyond the primary six pairs are added at only one region, 
which is within either the dorsal or the ventral directive entoccele. 

2. The additional mesenteries appear successively in complete or incomplete bilateral pairs, 
the latest formed arising within the entoccele of the previously formed pair. Sometimes the 
moiety of a pair on one side may arise a little in advance of the moiety on the other side. 

3. The longitudinal muscles on the mesenteries are so arranged that the members of the 
lirst additional pair constitute with the silicar or suleular directives, as the case may he, two 
isoenemie pairs, in which the musculature is on the faces turned away from one another. In the 
succeeding bilateral pairs, the musculature is alternately on opposite faces, so that the eighth 
and ninth bilateral pairs on each side form a unilateral pair in which the muscular faces are 
turned toward each other, and likewise the tenth and eleventh pairs. On the twelfth bilateral 
pair the retractor muscles are. on opposite faces, as in directives proper. 

4. Below the stomockeal region both the primary and additional pairs consist of alternately 
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longer and shorter mesenteries (anisoenoinic), with the exception of the directives, which, whether 
lateral or axial, consist of equal moieties (isoenemie), 

5. When the number of mesenteries in a polyp reaches twelve pairs, stoniodtoal fission may 
take place, in such a manner that six primary and six new mesenteries are associated with each 
stoinodamni. 

A great distinction is thus established between the manner of appearance of the metacnemes 
in Porites and that in other coral polyps. In the former, the additions are shown to take place in 
bilateral pairs at only one region, and within an entoeoele. while in the latter it has been shown 
that the additions are made in unilateral pairs all round the polyps, within the six primary 
exoecelie chambers. In Porites, the unilateral pairs consist of a larger and a smaller moiety 
(anisoenemic), without the formation of hexameral cycles, while in other Madreporaria the 
members of a pair are alike in size throughout (isoenemie), and in the end the different pairs 
constitute cyeles. 

Later results suggest that the additions in Poritex are to be regarded as stages in the process 
of tissiparous gemination. (See foot-note. p. 400.) 

INCREASE OF MESENTERIES IN MADREPORA, 

In a recently published paper," I have fully described the peculiar manner in which the 
increase of mesenteries beyond the protocneinic stage takes place in JLtdrejtortt* The process 
is again alluded to on p. 515, in connection with rission in J lad npora * and is illustrated by three 
diagrammatic figures (tig, lS^-c), Fundamentally, the increase takes place in the same manner 
as in Poritrs, that is, by bilateral pairs, which are disposed within the directive axial entoeoele. 
lhit in any one polyp of 2tadreporu additions are made at both extremities, whereas, in Porite*. 
they are restricted in any one polyp to either the dorsal or the ventral directive entoeoele. 
Six new pairs seem to rise simultaneously in J [ndr<pora , as against the successive order in 
PorJtrs ; for some time one or two of the pairs may he united with the two stoinodmal tubes, 
without any connection with the column wall. 

MESENTERIAL FILAMENTS. 

The edges of all the complete mesenteries, after ceasing their connection with the 
stoinodauim. are provided with the Anthozoan structures known as mesenterial or gastric 
filaments, and likewise the free edge of most of the other mesenteries, which at no time extend 
transversely so as to reach the stomodieum. In dissected polyps the filaments appear as 
dense, white, thread-like organs, connected with the mesenteries, usually straight and vertically 
descending in the upper region, but greatly convoluted below. In the living condition, they are 
frequently extruded through the mouth and polypal wall, as white coiled threads, along with the 
portion of the mesentery to which they are attached. They are generally strongly marked off 
from the rest of the tissues in microscopic preparations, on account of the brightly-staining 
character of their cellular constituents. 

On the incomplete mesenteries, the filaments, as a rule, commence a short distance from the 
uppermost region of the polyp, and terminate below somewhat in advance of the mesentery; 
occasionally they are absent from the last cycle of mesenteries, or remain incipient. On 
the other hand, the filaments are borne by the complete mesenteries only after ceasing their 
connection with the stomodauun. At first they are straight, hut soon become greatly 
convoluted, on some mesenteries more than on others. 

Structurally, the filaments display the same essential characters in all the species examined, 
and are simpler than the corresponding organs in the majority of Aetiniaria. Throughout the 
Madreporaria. so far as yet known, the actual filament consists of only a single median lobe, in 
contrast with the trilobed condition of most Actinian filaments. In transverse sections the 
organs appear as cordate or disk-like expansions of the edge of the mesenteries. In addition 
to the actual terminal filament, tin* mesenterial epithelium immediately behind is usually much 
swollen on each side, and is either sharply rounded off from the rest of the endoderm or passes 

f(li The Morphology of the Madreporaria.—II. Increase of Mesenteries in Madreporu beyond the Protocneinic 
Sta^e,'* Ann. Ma^. Nat. Hist,, Ser. 7, YoL X. 1902, 
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gradually into it. Figs. 14, 39, 44, 45, 57, and 39 will give some idea of the variety of form 
presented in transverse sections. 

Histologically, a filament differs in passing vertically from one region of the polyp to another, 
and also exhibits a variety of cellular constituents in different parts of the same section. In 
the complete mesenteries the actual boundary between the stomodanil ectoderm and the mesen¬ 
terial filament is by no means well defined. As shown on PI. VI, fig. 51, the deeply-staining 
ectoderm of the stomodamm, at the termination of the latter, appears to pass around and for some 
distance along both sides of the mesenteries, and as the latter become free they are capped with 
the ectoderm. In transverse sections (fig. bV>) the filament at first is cordate, the mesoghea 
bifurcating and supporting the lateral wings. The anterior and lateral borders of the filament 
differ in no respect histologically from the stomodteal ectoderm, while the posterior borders 
are ordinary mesenterial endoderm. The first part of the filament in most corals is of this charac¬ 
ter, but continues thus for a longer distance in some form (O/adocora, Astmngin) than in others. 
The stage is never represented in the filaments of mesenteries which are unconnected with 
the stomodamm. It passes gradually into the next stage, which represents the longest part of 
the filament (tig. 57c). The anterior or inner portion of the filament is constituted mostly 
of narrow liematoeysts, clear and granular gland cells, and supporting cells, while laterally and 
behind the cells become shorter, supporting cells predominate, and the filiation is stronger 
than elsewhere. The mesogloea of the mesentery passes but a short distance into the filament, 
and there bifurcates, each half being directed forward, horizontally’, or backward, and quickly’ 
thinning out. Immediately’ in front of the mesogheal expansion nervous elements are usually 
recognizable, and less often muscular fibrils. The latter may also be present along the hinder 
mesogheal border, as a continuation of the mesenterial muscle lawyer (rf\ also tigs. 44, 45, PI. V.) 

Passing to the lower regions of the polyp, the filaments usually become broader in transverse 
sections, and large, oval, thin-walled nematoey’sts, with a very’ distinct spiral thread, are the chief 
feature. So abundant are the stinging cells that in some cases they’ make up by far the greater 
proportion of the whole filament, the supporting cells serving as a kind of matrix (PI. VII, fig. 
58; PI. XIII, fig. 94 )“. 

The swollen mesenterial endoderm, immediately’ behind the filament, must in no way’s he 
confounded with the two lateral lobes of the trilobed Actinian filament. In these the three 
lobes are verv distinct structures, both as to their form and histology, and each is supported upon 
a separate mesogheal axis. The apical part of the middle lobe (Drusenstreif) is mainly’ glandular 
in character in the upper region of the polyp, and a few small nematoey’sts usually occur. On 
their antero-lateral borders, the two lateral lobes are constituted wholly" of ciliated supporting 
cells, being known as the ciliated hands or Flimmerstreifen. Between the glandular streak 
and the ciliated bands is found a patch of tissue, which as a rule bears a close resemblance to 
undifferentiated endodermal epithelium, and has been termed the intermediate streak. 

Comparing the coral filament with that of the Actinian, it is manifest that the organ in the 
former is represented by the middle lobe of the latter, and there is nothing which corresponds 
morphologically’ with the lateral lobes. The lateral lobes of coral polyps never contain a 
separate mesogheal axis, and histologically they bear the closest resemblance to the ordinary’ 
mesogheal epithelium. In Actinians the lateral ciliated lobes disappear ahorallv, and also dis- 
tallv on the incomplete mesenteries, while in certain genera (( Rhoriactls) the lateral 

lobes are altogether wanting, when the filament is essentially like that of the Madivporarian 
poly p. 

Histologically’ the postero-lateral region of the coral filament, especially’ in J l<uh'<[><>>'<t 
(p. 474), closely’ recalls the ciliated streak of anemones, and its strong (filiation also suggests a 
similar function. 

The filaments on the imperfect mesenteries often remain in a rudimentary’ condition, and 
afford instructive stages in the development of the organ. The free edge of the mesentery’ is 

«Xone of the mesenterial filaments examined ever show the liematoeysts partly extruded, in the manner 
described and figured by bourne for Fungitt ( 18 P 8 , pi. XXIV, tig. 28), and by Pratt for XcoheUa (1U00, pi. LXIII, 
tig. 8); but in the polyps of certain Pacific corals I have observed the phenomenon noticed by these authors. 
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nipped by u tissue which stains brightly. and consists mainly of ciliated supporting cells, but 
is not sharply separated from the unmodified mesenterial epithelium. The mesoghea is not 
swollen or bifurcated, and the endodorm immediately behind never becomes lobed. Such 
incipient tilaments oejur on the secondary mesenteries of Orhieella and ('ladoeora (tig. .*>7*7), and a 
somewhat further stage is represented by Sol*oatstrira (tig. S5). The figures should be compared 
with the early stages in the development of the filament met with in larva 1 (PI. XV), and also 
in /b/vVr.v (tig. 3S). There is the closest resemblance between the two phases, leading to the 
conclusion that phylogeneticallv they represent similar structures, whether continuous with the 
stomodical ectoderm or remaining free from it. 

G LAN DTLA 14 MODIFICATIONS. 

The filaments of many species of corals undergo a peculiar histological modification, the 
organs within restricted limits becoming almost wholly glandular. In the fresh tissues, the alter¬ 
ation is indicated by the part being of a golden yellow color, instead of the usual dull white; while 
in preserved material the same parts are much darker than the rest of the filament, above and 
below. A transverse section through one of these* modified regions, taken from Orhlolla annularis* 
is represented on PI. IX, tig. fit). The filament has become enlarged in diameter, and its cellular 
constituents are remarkably uniform in character. The latter are long, clearly defined, columnar 
cells, radiating in a fan-like manner from the expanded mcsogheal base. Each cell is filled with a 
finely granular substance, and on staining a nucleus is rendered visible. The free margin presents 
no indication of filiation, but. in places, globules of some liquid appear in the net of oozing out, 
while the organ is enveloped in some secretion, evidently issuing as the polyp was preserved. 
The secretion is of a faint yellowish eolor. slightly different in refraction from the Canada 
balsam in which the sections an 1 mounted. The same filament, as it appears in a partly 
tangential section, is represented in fig. 70. I Tie cells in the middle are out transversely, while 
peripherally they are seen more lengthways. The well-defined polygonal outline of each cell in 
transverse section is very characteristic. 

After maceration, the preparations (fig. 71) reveal that the filament comprises only two 
kinds of cells: (a) long, columnar gland cells, of the same diameter throughout, and charged 
with granular matter; and {!>) equally long, narrow supporting cells. Nematoeysts are altogether 
wanting. The modification extends over a very restricted vertical range, for on following the 
sections of the filament, both upward and downward, the normal, more complex structure soon 
appears. 

The actual presence in some cases of a secretion surrounding the filament, and the character 
of the cells themselves, leads to the conviction that the structure represents a purely glandular 
organ. Such a histological specialization is very exceptional among Zoantharian tissues. One. 
of the functions of the ordinary mesenterial filament is deemed to be the production of a 
digestive secretion, and it is manifest that in these special filamental regions an increase in size 
and number of the secretory cells has taken place, to the exclusion of nematoeyst and other cells, 
with the exception of the ever present supporting cells. 

A comparison with the section through the unmodified region of the same filament, repre¬ 
sented in fig. 1*1. at once suggests the manner in wliieh the alteration has taken place. The 
portion of the mesentery included in the figure is at first very narrow, but just behind the 
filament its epithelium and mesoghea beeome swollen, and as the latter enters the filament it is 
flattened, terminating in a branch to each side. The boundary between the filament and the 
swollen mesenterial endoderm is clearly defined. I hc comparison of fig. fit) and fig. 7l renders 
it evident that in the former the whole of the filament has taken on the glandular character, 
while the unmodified basal area is the swollen mesenterial epithelium, now, however, so closely 
apposed to the filament, as to be distinguished only histologically. 

Intermediate stages in the production of the glandular organ from the normal filament are 
afforded by the filaments of 3fir*tndrin*t (PI. XXI), A transverse section of one of these is 
represented in fig. 144: the right side of the filament presents the usual histological details, while 
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to the loft side most of the cells have become enlarged and glandular. In lower sections the 
whole of the filament takes on this latter character, becoming at the same time much larger 
(fig. 145). 

The glandular cells in J Iwindrlna differ from those in Orb! ceil a only in the fact that the 
contents of the cells are a brighter yellow in color; being unaffected by stains, they stand out as 
very conspicuous areas in microscopic preparations. In Faria fragam also the contents are 
bright yellow. 

The glandular modification appears to be somewhat generally distributed, having been 
found in Orhlr^Ua acr<g>ora^ JFandrlaa labyrlnihlea* Faria fragam* and Coljtojdn/Illa gyro-sa. 
Its occurrence appears to be somewhat sporadic. Only a few of the filaments in any one polyp 
undergo the alteration, and its vertical extent is always very limited. In Orhlcdla and Faria 
two or three mesenteries, out of the usual twelve pairs, are thus distinguished, and in J brand rlna 
the proportion is much the same. In one instance, in a portion of the brain coral, the two 
mesenteries of a pair were thus altered. 

A still further development in the same direction is presented by the filaments of Mmandrlna 
(fig. 145). In transverse sections of ordinary filaments, the endodermal lobes immediately 
behind are not sharply marked off from the rest of the mesenterial epithelium; the cells are 
exceptional in the amount of vacuolization, and the comparative paucity of the zooxanthelhe, but 
are not essentially different from the ordinary mesenterial endoderm (fig. 148). Where the 
glandular alteration has taken place, the cells, not only of the filament, but also of the mesenterial 
epithelium for some distance behind, are nearly all of a uniform character, and the elongated 
nuclei of the supporting cells are arranged in a zone. In fig. 145, three, coarsely granular, 
gland cells are represented, the granules staining very deeply, but the remainder of the cells are 
tilled with an extremely fine granular matter, which stains but slightly. The nuclei of the cells 
are oval, and distributed through the tissue with an approximate uniformity, and perfectly 
clear gland cells are altogether absent. Instead of the filament being separated from the 
mesentery by a distinct groove on either side, as is the ease elsewhere, its cells are directly 
continuous with those of the mesenterial epithelium, and these latter have undergone a like 
glandular modification for some distance, passing gradually into the ordinary mesenterial 
endoderm. 

Thus the elements of two different tissues—filamental and mesenterial endoderm- may 
assume a like specialized (diameter. 

MESENTERIAL FI LAMENTS OF MADREPORA AND PORITES. 

The histological characters of the mesenterial filaments of J ladrrjfora arc such as to call for 
special note. A transverse section of one of these is represented on 1*1. II, fig. 14. The meso- 
gkeal lamella from the mesentery enters a short distance into the base of the filament, and there 
bifurcates; the two halves are directed backward into the lateral regions, where they thin out 
and are lost. The filament thus becomes divided into three distinct areas, a larger antero-lateral 
area, and two smaller posterior crescentic regions, each characterized by special histological 
elements. In front the cells consist of long, narrow, supporting cells, amongst which are 
numerous clear and granular cells, and a few small thick-walled nenitocysts, though the latter 
are plentiful only in the proximal region. The cells of the posterior crescentic areas are all of 
one kind—narrow, ciliated, supporting cells, with the deeply-staining nuclei wholly restricted to 
the inner two-thirds of the cells (fig. 13 h)\ the filiation is also stronger than anteriorly. Though 
some such differentiation between the middle and posterior areas of the filaments is found in 
other coral polyps, the distinction is rarely so marked as in Jl<tdr<j>or<(. In sections stained in 
borax carmine the posterior regions are an intense red, and present a sharp contrast with the 
rest of the filament. 

The middle region corresponds in histological detail with the glandular streak of the middle 
lobe of the Actinian filament; while histologically tin* crescentic areas most distinctly recall 
the ciliated bands of the lateral lobes of the Actinia*. In these latter the ciliated hands are 
constituted wholly of ciliated supporting cells, and the condition in Madnpora serves to 
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demonstrate how Minilar, highly specialized tissues may recur in dillerenl regions. The marked 
development of the lateral ciliated area in Marin jh*m may be conceived as associated with the 
complex circulatory system of the porose corals, blit the weakness of the filaments in the allied 
genus /Strifes scarcely bears out such a suggestion. 

Mature polyps of Porite w usually contain fom pairs of complete mesenteries in the upper 
region, but the dorsal directives often become free before the lower termination of the stomo 
chvum is reached (tigs. 30, 41). Mesenterial filaments, however, are found on only the three 
remaining pairs of mesenteries, I, II, III; the free edge of pairs IV, V, VI is covered with 
the ordinary mesenterial epithelium (PI. 111. fig. 2b). For a short distance below the stomo- 
damm the tips of the older mesenteries are provided with a deeply-staining tissue, in no ways 
distinguishable from the stomodaail ectoderm with which it is continuous (PI. IV, tig. 38); 
and no sharp boundary line here separates the filament from the rest of the endodermal epi¬ 
thelium. Some distance below the stomodieal region, however, the filament takes on the normal 
character, and lateral endodermal lobes may be formed on the first and second pairs (fig. 30), 
though they persist for a very short vertical distance. 

The limited development of the mesenterial filaments in I y oritr\\ on only two or three of the 
pairs of the mesenteries, is in close agreement with the results of Fowler (1SSS) upon polyps of 
St'riato]>ora . In S. sidndata Fowler found the mesenterial filaments to be well developed on only 
one pair of mesenteries, the two marked 3 and 10 in the author's notation, and corresponding with 
the pair marked 1, 1 in the present paper; the mesenteries numbered 1, 5. 8, 12, corresponding 
with pairs II. Ill, were generally devoid of any ** filamentar " thickening. The proportional 
development of the filaments thus corresponds with the order of appearance of the mesenteries. 

EXTRUSION OF MESENTERIES AND FILAMENTS. 

In corals reproducing by gemmation the filaments are rarely so strongly developed as in 
fissiparons species. In the latter, certain of the filaments are more important than others, and 
become greatly folded and convoluted, attached to the free edge of the mesentery all the way 
(PI. XXII. fig. 148). The mesenteries bearing such strongly developed filaments are capable of 
partial extrusion through the walls of the polyp, either upon irritation or injury to the latter, 
sometimes in such quantities as to nearly hide the surface of the colony. Extrusions may appear 
at any part of the column wall or disk, as well as through the mouth, in the living polyp the 
mesentery and filament sent out are easily distinguished one from the other; the former is 
usually thin, colorless, and transparent, while the latter is opaque white, and disposed in irregular 
loops and coils. The extruded mesenteries in some species are faintly green in color, perhaps 
clue to the large number of zooxanthella? in the endodermal epithelium. In polyps preserved 
with the mesenteries thus partly extruded, some of the filaments are also found displaced within 
the upper polypal regions, and even within the chambers of the edge-zone. In i 1 iadocom the 
filaments have been observed to enter the tentacular cavities, and occasionally they are found in 
the perithecal continuations of the polypal cavity. 

The phenomenon takes place most readily in fissiparons genera, upon strong irritation or 
after rough handling of the colony, and the extrusions are move copious in these forms than in 
genera reproducing by gemmation, but probably then 1 are few corals in which it may not occur 
occur to a greater or less degree. It has, however, never been observed in the numerous colonies 
of Side rant r&a kept under observation. 

Examination of the column wall and disk of the polyps, under ordinary conditions, fails to 
reveal any apertures comparable with the fck CincIides " of the Aetiniaria, through which it may be 
supposed that the filaments can pass. The absence of cinclides, and the irregular disposition 
of the extrusions over any part of the column wall and disk, make it evident that the openings are 
merely temporary, and capable of formation at any point, structural continuity being again 
established when the mesenteries are indrawn. On examining the surface of the column wall, 
immediately on withdrawal of the filaments, the apertures could be observed, and have been found 
to remain open for a short time; gradually, however, they close over, and all evidence of their 
former presence is lost. 
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On PI. VIII, fig. 04, is given a section through the infolded apical region of Orbicella , in 
which the filament, and the mesentery to whieh it is attached, are shown in the act of passing 
through an actual perforation of the column wall. The extra-polypal portion of the filament is 
charged with numerous, large, thin-walled, oval nematoeysts. and the disrupted column wall 
reveals no histological peculiarities. 

The extrusions from coral polyps ean scarcely he compared with the ejection of "Aeontia," 
a phenomenon characteristic of the Sagartime among the Aetiniaria, Acontia are thread-like 
structures, which are hut feebly attached to the mesenteries, and pass through permanent aper¬ 
tures (cinclides) in the column wall of the polyps, or through the mouth, the mesentery in no 
ways following. If not wholly liberated from the polyp, the aeontium can be indrawn. The 
extruded filaments of corals, on the other hand, still retain their normal position along the 
contorted edge of the mesentery, and a portion of the latter passes out along with them. The 
function of both is probably the same, as in ^ach ease the organs are strongly eharged with 
nematoeysts. and less so with gland cells. 

ORIGIN UF MESENTERIAL FILAMENTS. 

Probably there is no subject affording greater diversity of opinion among writers on the 
Anthozoa than that of the ectodermal or endodcrmal origin of the mesenterial filaments. In the 
Aleyonaria the problem has been made the subject of special study by E. B. Wilson (1884); in 
the Aetiniaria, by Mc.Murrich (18‘Jl); while II. V. Wilson (1888) has made it the object of lengthy 
notice in the coral Jlanicina. 

The actual facts of the case are briefly as follows: In the adult polyps of all three groups, 
the stomodieal ectoderm is in absolute continuity with the mesenterial filaments of the complete 
mesenteries, as the latter beeoiue free at the lower termination of the stomodauun. and the two 
agree closely enough in their histological detail to suggest a common origin. Further, the fila¬ 
ment differs markedly in structure from the mesenterial endodevm, and would thus appear to 
have no connection with this layer. Likewise in very early larval stages, the same unbroken 
passage from the stomodieal ectoderm to the filament is often found to exist, though rudiments 
of the filaments may be present on the primary mesenteries before or independently of their 
union with the stomodauim. Were the complete mesenteries only to be taken into account, as 
in the Aleyonaria, the problem would be much simplified, but in both Madrepovaria and 
Aetiniaria exactly similar filaments to those ou complete mesenteries are found on the incomplete 
mesenteries, which remain free from the stomodieum. and hence are never in continuity with 
its ectodermal lining. 

The independence of the filamental and stomodieal tissues within the early larva or bud, 
along with their histological difference, led E. B. Wilson to regard the six ventral filaments in 
the Aleyonaria as ondodermal; on the other hand, the apparent continuity with the stomodieal 
ectoderm of the two dorsal filaments from the beginning, and the closer histological resemblance 
of the two structures, caused Wilson to regard these as ectodermal. 

From evidence of a like character, MeMurrieh, in 1801, came to the conclusion that the 
Driisenstreif or glandular streak on the middle lobe of the Actiniun filament is of endodcrmal 
origin, while the ciliated bands on the lateral lobes are eetoaormal. Returning to the con¬ 
troversy in 1800, MeMurrieh. from his investigations of the mesenterial filaments in Zoanthus 
,y oclatua* again concludes that the ciliated bands must be conceived as ontogenetieallv distinct from 
the glandular streaks. Regarding the ectoderm and endodenu of the Cudenteva as representing 
but an approximation to the diblastic condition of the higher groups. MeMurrieh is constrained to 
regard the distinction between an ectodermal and endodcrmal origin of any of the organs as 
of relatively little moment. With this understanding, he concludes: ik the ciliated bands are 
probably in all cases ectodermal, and that in some mesenteries at least, the glandular streaks are 
endodcrmal, yet I am prepared to accept as correct the ectodermal origin of the glandular streaks 
in other mesenteries.*' The intermediate" epithelium of the trilobed Actiniun filament 
MeMurrieh is inclined to regard as ectodermal: my own observations, on species where it is 
favorably developed for study, lead me to consider it as endoderinal. 
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The structural uniformity of the filaments in all Madreporaria, and the absence of lateral 
lobes bearing ciliated bands, simplifies the matter somewhat in this group, as compared with the 
Actiniaria. From its relationships to the mesentery, its form and histological structure, the 
Madreporarian filament for the greater part of its course undoubtedly corresponds with 
the middle lobe of the Actinian filament. In the simple condition of the latter, the organs are 
indistinguishable in the two groups, and without doubt a common phylogenetic origin must 
be assigned them. 

In connection with the origin of the filaments, 11. V. Wilson was the first to attach impor¬ 
tance to a reflection of the stomodreal ectoderm, which takes place at the inner termination of the 
stomodauim. This occurs in both adult and larval polyps. On PI. VI, fig. 51, representing a 
transverse section through the terminal stomodieal region of an adult polyp of Cladocora , the 
ectoderm is seen to line not only the outer surface of the wall, but has also become folded round 
the edge of the stomodauim, and comes to occupy the inner or endodernial surface of the 
organ, thence passing for some distance along both faces of the complete mesenteries, and 
seeming to give rise to the mesenterial filaments as the mesenteries become free. Similarly, on 

the left side of fig. 5fl, a vertical section through the stomodauim of Cladocora, the ectoderm 

becomes folded at the termination of the wall, and is then continuous with the mesenterial 
filament. The right side of fig. 2 shows the same relationship in Jfadnjiora. 

On PI. XIV, rig. 112, a transverse section through an early larva of Faria * also displays a 
tissue on the endodermal surface of the stomodauim, in all respect* resembling that of the 
stomodaal ectoderm. Separated by the first pair of mesenteries, it forms a distinct, deeply- 

staining lobe, in both the larger and smaller primary chambers, and differs greatly from the 

surrounding endoderni. In sections a little higher, the reflected ectoderm is wholly wanting, 
and the stomodaal lining is purely endodermal (rf, tigs. 12fi, 127). 

The stomodaal ectoderm, reflected in this way around the lower edge of the stomodaal wall, 
occurs to a greater or less degree in probably all Madreporaria. Invariably, the mesenterial 
filaments of the complete mesenteries seem as if they took their origin from it, and the histo- 
logieal resemblance is very close. The extent of the reflection along the cielomic surface of the 
stomodauim, and also outwardly along the mesenterial faces, varies much with the amount of 
retraction or expansion of the polyps, for in tin* latter condition the stomodauil wall and edge of 
the mesentery come to he almost in the same vertical straight line, and no reflection is then 
apparent. 

Wilson, in his studies of the early larva* of JIa/ticinaAom\<\ the stomodauim to be applied to 
the column wall, and its ectoderm appeared to pass down the inner surfaee of the wall, even before 
the first pair of mesenteries had appeared. In later stages the ectoderm of the stomodauim was 
reflected up the endodermal surfaee, and all the primary mesenteries, except the first pair, were 
considered to receive their filamental tissues from these eetodermal tracts, though some filaments 
were found to be present on the mesenteries before the union of the latter with the stomodauim 
luid been effected. With regard to the origin of the filaments on the mesenteries which never 
reach the stomodauim, probably few students of the embryology of the Anthozoa will lie 
prepared to follow Wilson in his suggestion (p. 220) that these receive their ectoderm from 
a reflection along the entire length of the eielomic surface of the stomodauim and peristome 
(the epithelium of Wilson’s figs. 50 and 55). Its acceptance, in the case of the incomplete 
mesenteries of some species, would demand that the inner lining of nearly the whole of the 
upper region of the polyps should consist of ectodermal tracts. 

A typical example of the condition of the filaments found in larva* is presented by the 
transverse sections of the larva of Faria fragum represented on PI. XIV. For the greater 
part of its length the inner (cceleiPeric) layer of the stomodauim resembles the rest of the endo¬ 
derni. but toward the internal end it begins to assume a histological character more nearly 
resembling that of the ectodermal lining. The cells are now narrow and closely arranged, and 
the numerous brightly-staining nuclei form a definite zone, marking off the region very distinctly 
from the ordinary endoderni. This is the so-called " reflected ectoderm ” of Anthozoan literature. 
In Faria it passes along the first pairs of mesenteries for a short distance, and as these sever 
Vol. 8—No. 7 —fi 
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their connection with the stouiocksum they are tipped with a tissue of like nature. Increasing in 
extent, it is continued as the mesenterial Hlament along the edge of the first pair of mesenteries, 
almost as far as their termination at the aboral end of the larva?, ceasing* on one mesentery a little 
in advance of the other (cf\ also Pis. XV11I, XXV). 

At this early stage the mesenterial filament is not sharply marked off. except histologically, 
from the rest of the mesenterial epithelium. Its numerous nuclei stain brilliantly in borax 
carmine, and .structurally it is indistinguishable from the stomoda?al ectoderm. This resem¬ 
blance, eombined with the absolute continuity of the two at the eonmieneement of the filaments, 
would seem to remove all doubt that the two—stomoda?al ectoderm and the mesenterial filaments— 
are of one and the same origin. 

But the conclusion becomes less certain when the incomplete mesenteries are taken into 
account, for along their free edge is a tissue of exactly similar nature; yet the mesenteries are in 
no way connected with the stomodaunn. and there is no apparent means by which the incipient 
filament can have been in unity with its ectoderm. 

The early appearance of the filaments on the second pair of mesenteries is represented in 
fig. lH, from a section taken a little above tin* termination of the stomodaniiu. At first, only 
one mesentery displayed any marginal modification, but in the figure the filament has appeared 
on the other member of the pair, while below it is as strongly developed on both as on the first 
pair of mesenteries, blit disappears in advance of the filament of the latter. In some of the 
sections coming below that represented in fig. 1H there is the feeblest hint of the filament on 
the mesenteries of the third pair, which scarcely extend beyond the endodermal lining. 

It is manifest therefore that the filaments on the second pair of mesenteries originate 
quite independently of any connection with the stomodaunn and of the reflected ectoderm. 
From a study of the conditions in both the third and the second pairs it is inconceivable how at 
any earlier stage, say before the middle embryonic tissues had broken down, that any such 
connection could have been established. The reflected ectoderm passes baekwardly but a short 
distance along the c< domic surface of the stomodamm, and there is no possibility of its working 
its way upward, across what represents the disk, and then downward along the free edge of the 
mesentery. The presence of filaments on the second pair of mesenteries before union with the 
stomodaunn would imply that a similar development may also take place on the third pair of 
mesenteries before their union, and sections reveal that such actually occurs. It is also manifest 
from the sections, that before the union of the mesenteries with the stomodaunn is effected, there 
is no means by which the free margin of the former can have come into contact with the reflected 
ectoderm. 

From the conditions represented in the larva? of corals generally, the conclusion is reached 
that the mesenterial filaments may originate independently of any connection with the stomodieal 
ectoderm, and may therefore be assumed to be endodermal. 

The filaments on both the complete and incomplete mesenteries at the early stages of larval 
development present but little histological differentiation, except in the case of the filament on 
the first mesenterial pair. They consist mainly of supporting cells, and stain much more deeply 
than the ordinary endodermal lining, blit gland cells and nematocysts are scarcely determinable. 
Similar details are often presented by the' edge of adult mesenteries, which always remain free 
from the stouioda?um, showing that in the orders beyond the primary the filaments originate in 
the same manner. In these cases the filaments may never become fully developed, but remain 
in an incipient or rudimentary condition. This is illustrated by the mesenteries of Orbio'Utt 
aerojxtra. The six pairs of mesenteries of the first cycle are complete, and filaments are well 
developed below; similar filaments appear on the mesenteries of the second cycle, which fail to 
reach the stomodaunn; blit on the third cycle of twelve pairs the mesenteries arc merely tipped 
with a deeply-staining tissue, which is indistinguishable from that on the filaments of larva?. 
Further, some mesenteries bear incipient filaments only in their upper course, while the organs 
are fully developed below. ( 'I<tdomra <trbnxcni<i also affords similar illustrative examples (PI. 
VIT). The edge of a mesentery in its upper course is represented in fig. 57 a. and the filament is 
seen to be quite rudimentary; below the stomodaal region, however, the filament on the same 
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mesentery is fully formed (fig. 57 r). If the liliiineuts of the ineoni[)lete mesent(‘ries originate 
from a reflected tract of stomodical ectoderm, it might reasonably be expected that they would be 
best developed in the uppermost region of the polyp, whereas, as a matter of fact, they are here 
absent or only incipient, even when fully developed below. 

All the evidence seems to favor the view that in the Madreporaria the mesenterial filaments 
first appear independently of any connection with the ectodermal lining of the stomodauim. but 
that in the case of the complete mesenteries such a continuity is early established, while with 
incomplete mesenteries the separation is permanent. 

When describing the adult mesenteries, it is shown that the first part of the filament differs 
in form and structure from that below, and histologically is indistinguishable from the stomodand 
ectoderm, with which it is in direct continuity. It is manifest, therefore, that between the 
actual stomodand termination and the commencement of the true filament there is a tract which 
partakes more of the nature of the stomodaal ectoderm than of the filamental tissue. It forms 
the connecting link, as it were, between two tissues which may be considered as wholly distinct 
both phylogenetically and ontogenctieallv. Such, it may be conceived, is the significance of the 
•‘reflected ectoderm" as seen in corals. It is the stomodaal ectoderm passing along the mesentery 
to establish structural continuity with the upwardly growing filament. 

The strongly ciliated character of the stomoda'al ectoderm marks out the layer as specially 
concerned in the circulation phenomena of the polyp, and the same must be affirmed to a less degree 
of the upper part of the mesenterial filament. For the proper carrying out of this it is manifest 
that a close histological continuity should be maintained between the two structures, and it can 
be conceived that in establishing this the stomoda'al ectoderm passes some distance down or 
along the mesenterial edge to meet the upgrowing filament proper. 

The mesenterial filaments on the incomplete mesenteries are the homologue of those on the 
complete filament, but the latter are in more or less direct histological continuity with the 
stomocheal ectoderm by a downgrowth from the latter, while the others are free throughout. 

In his recent paper (1IM.)0, p. 73), Appellof contends for the ectodermal origin of the whole 
Aetinian filament, his tig. 25 showing a distinct passage of the stomocheal ectoderm clown the free 
edge of the mesentery. The occurrence of an interval of endoderm between the stomocheal 
ectoderm and early filament, such as McMurrich (1SU1) and I (IShb) have found in other larva 1 . 
Appellof would explain as the result of a more or less accidental severance of continuity upon 
retraction of the larva 1 . Such a suggestion would scarcely be applicable to the conditions 
already described in the larva 1 of TwvV/, for the first indications of the filamental tissue occur at 
very dillereiit levels on the various mesenteries, in some instances at a considerable distance 
below the stomocheal termination. On the view presented above, the appearances which Appellof 
describes in Crticina are not directly concerned with the formation of the filament; the downward 
growth of the ectoderm from the stomocheal wall is merely the means of establishing continuity 
with tin 1 true filament which will appear independently below. 

BASAL DISK, SKELETOTROPHIC OR SKELETOGENIC TISSUES, 

Under these terms will be included the three Coelenterate layers ectoderm, mesoglcea, and 
endoderm -which everywhere cover the surface of the skeleton in the living portion of a coral. 
(t. von Koch (I8S2) has fully demonstrated that the ectoderm alone is the true skeletogenic layer, 
and is actually adherent to the eorallum: but it is convenient to study along with it the associated 
mesoghea and endoderm. The early stages in the growth of the young polyp after fixation 
(PI, XIX) reveal that the basal disk only is concerned in the formation of the skeleton, and 
therefore all the subsequent foldings, invaginations, and evaginations of the skeletotrophie 
tissues are but so many extensions of this region of the polyp, produced pari pa ana with the 
deposition of the calcareous particles. The theca, septa, costa 1 , columella, and all the teeth, 
spines, etc., connected with them, represent so many foldings of the basal disk, for all take their 
origin from the same continuous layer, and their surface remains covered by it so long as they 
belong to the living parts of the polyp. 


480 


MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 


In mot instances, and especially in the perforate corals, the skeletotrophie layers eomprise 
the greater proportion of the soft parts of the colony upon decaleification. The superficial 
tissues as a whole—eoluinu wall, tentacles, and disk—are always much less in superficial area 
than the skeleton-covering tissues. The polyps, as a rule, extend a little more deeply within the 
skeleton than is the amount of their expansion above. 

To study with any degree of sueeess the skeletotrophie tissues of a coral, it is necessary that 
decaleification be carried out. Lining the eorallum so very closely, it is impossible to make 
a minute examination of the poly pal layers in situ with the thinness to which sections of the 
skeleton can be ground. In the process of dissolving away the skeleton by means of acids, scarcely 
any distortion of the tissues appears to take plaee if the latter have been properly hardened, and 
the same may be said of the histology of the skeletogenic layer. 

The poly pal region set free by decaleification is very complicated in its detailed characters, 
and varies greatly for each genus. An exact representation may be obtained by making a plaster 
cast of the surface of any dried coral, and then dissolving away the hitter. The superficial tissues 
seen in the living or preserved eolon} r are found to represent but a small proportion of the polyp. 
The space formerly occupied by the thecal wall is now free, and in the case of gemmiferous speeies 
each polyp presents much more individuality than under ordinary conditions, while in fissiparous 
genera, like J [seandvimt and Colpophyllia , the polypal systems stand out as very distinct, continuous 
ridges, separated laterally bv deep grooves formerly occupied bv the collines. The septal and 
eoluuiellar projections are now represented by so many deep lateral and vertical inturnings of 
the polypal tissues, and their arrangement can be studied in detail, though adding little to what 
is obtainable from the skeleton itself. 

The height of the deealeified polyp gives the depth to which in the living condition the 
soft tissues extend downward within the eorallum, revealing how comparatively superficial in 
every case is the living portion of a colony. For example, after decaleification the polypal tissues 
in Jdrites uxtr&oiih'S vary from 3 to 5 nun, in thickness; the polyps of SidrmstiWt radians art 4 
3 mm. iu height when freed from the skeleton, and those of the larger .S', s-idnma are fi mm. 
Polyps of (hhicdla acrojmra scarcely extend for 1 cm. within the skeleton of tin 4 colony, and the 
same is the case even with the polypal systems of the large colonies of J firandrina. 

In the upper region of decalcified polyps the skeletotrophie walls as a rule present a 
different structural appearance from those below. Above, they are more transparent and 
delicate looking, but as the lower region is approached the walls gradually become firmer in 
diameter, white, and strongly opaque. This structural alteration is seen in nearly all the 
forms examined, and is evidently due to the pronounced histological change, referred to below, 
which takes plaee in the endoderm in passing from above downward. 

Histologically the three skeletotrophie layers differ much among themselves, and also in 
different regions of the polyp. They will now be described as seen in sections. 

KXDODKKM, 

In the upper part of any polyp the skeletal endoderm, as a rule, closely resembles that of 
the column wall, disk, and mesenterial epithelium; or, as in PI. N\ 111. fig. 12th it may be some¬ 
what narrower, lieing represented by a very simple columnar epithelium. (Rand cells of various 
kinds, supporting cells, and scattered zooxanthelhe are the usual constituents, but no trace of 
any muscular fibrils nor of a nerve layer has been found. 

As the more proximal regions of the polyps are approached, the layer begins to undergo 
a peculiar modification. It becomes much broader and is highly vacuolated, exhibiting in 
sections a delicately reticular structure, the individuality of the cells being wholly lost (figs. 
P20, 73), while the chief constituents- nuclei, cytoplasm, zooxanthelhv, and the contents of the 
few granular gland cells arc mostly accumulated in a marginal zone. The differences in char¬ 
acter between tin 4 endoderm in the upper regions and below are represented by figs. 44, 45, and 
73, 75. In Orhirella (PI. X, tig. 73) the layer is 0.1 mm. broad below, while above it is about 
o.()3 mm. in thickness (PI. IX, tig. fiS). 
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In some species the thickened endodorni is crowded throughout its extent with granules 
of various size, which render the layer dense and nearly opaque in sections. This is especially 
characteristic of .I xframjia soiifaria (FI. V, figs. 44, 45) and l)it'htH'wnia afok*- W. The granular 
particles are usually non-staining, and are thus distinguished from the nuclei which an' also 
present, situated near the margin. In I )ichoe<vnia the tyrannies are green (p. 43b). Very rarely 
they are arranged as if constituents of an oval cell; more usually they are scattered uniformly 
through the whole or part of the layer, without any surest ion of being contained in special 
gland cells. The condition in the lower skeletal endodermof Solritaxfrira, represented on PI. X, 
fig. 7b. is somewhat intermediate; large cells full of coarse granules oecur, and in addition 
to these are many isolated granules. 

The thickened skeletotrophie cndoderm of the fissiparous genera J fcea/tdri/ta* Manleum^ 
ColpopinjWa . and also Orhicrlht has very few contents; a few small scattered nuclei, here and 
there a zooxanthella. and perhaps a few granules, are all that can be made out. the layer being 
vacuolated in either a rounded or irregular manner. In the porose genera Madnpora and 
Poritix practically no modification occurs; tin' skeletotrophie endoderm is much alike in character 
in all parts of the polypal cavity, as well as in the canalicular outgrowths. Also in Sidcraxfnea 
scarcely any difference is apparent between the upper and lower skeletotrophie endoderm 
(PI. XXIII. tig. 15b). This genus is further exceptional in that the ealieoblast ectoderm remains 
a broad layer throughout. 

The great thickening of the endoderm sensibly diminishes the mesenterial loculi below; 
while the comparative fewness of the nuclei, their small size, and the sparse protoplasmic 
contents would indicate that the cellular activity is much diminished compared with the upper 
regions of the polyp. 

Wherever the ealieoblast layer is in an active condition the endoderm overlying it presents 
a corresponding state. In the upper parts of polyps, where skeletal growth is proceeding as a 
result of the activity of the ealicoblasts, the, endoderiiial cells overlying the latter are highly 
protoplasmic, stain deeply, and present all the evidence of functionally active cells. A marked 
instance of this occurs in connection with the a bo ml termination of the interseptal loculi. It is 
here that from time to time the dissepiments are formed which cut otl the polyp from the lower 
portion of the eorallimi; below the last dissepiment the skeleton may he considered as dead, 
while above it is covered with the soft polypal tissues. The production of dissepiments must 
be constantly taking place in a vigorously growing coral, hence the ealicoblasts at the actual 
base remain in a more or less permanent condition of activity, as represented on PI. X, tig. 73. 
The figure shows that the columnar character of the cells is limited to the actual flat base of 
the chambers, the ealicoblasts being insignificant along the lateral walls. Fig. 73 is also 
specially instructive as showing how the endoderm immediately overlying the active ealieoblast 
laver differs from the layer on the lateral walls, where the ealicoblasts are non-active. The 
endoderm has become much thinner, the cells are fully charged with protoplasmic contents, 
and stain deeply. 

The skeletotrophie endoderm overlying the upper parts of septa which may be supposed to 
1)0 in a growing condition, is also much thinner than that lining the wall of the calico and inner 
parts of the septa at the same level. This diversity is very marked in tig. 12b, Pi. XXIII, 
representing a mesentery of M&nndrimi with the skeletotrophie tissues associated with it. 

It is manifest that the outer ealicoblasts can obtain their nutriment and the calcareous .salts 
wherewith to form the dissepiments only in so far as these pass through the overlying endoderm 
and mesogkea; lienee wherever the former are in a functionally active condition the endoderm 
would he expected to show a corresponding modification, as compared with regions where it 
overlies non-functional cells. 

MESC >GL<KA. 

The mesolgoea of the skeletotrophie tissues is nearly everywhere a thin lamella, but, as a 
rule, it thickens a little along the line of attachment of the mesenteries to the corallum. At this 
place, and more or less scattered over the whole surface, are found peculiar cone or wedge-shaped 
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structures which appear as processes of the mesoglcea. In sections the processes are striated 
toward their free extremity, which in methyl blue and in carmine always stains much more deeply 
than the remaining mesoghea. Their function would seem to be to bind the soft tissues to the 
eorallum. Where the insertion of a mesentery on the column wall is seen in longitudinal section 
the processes appear as represented in tig. 9f>, Pi. XIII. 

The nature and origin of the mesogloeal processes has been specially studied by Bourne (1899). 
He shows that they arc formed from special ectodermal cells which he terms <lcsntorytrs. These 
take their origin from certain cells in the calieoblast layer, and become secondarily attached to the 
mesoghea. The processes thus formed may be known as desmoidal processes, though Bourne 
employs the term desmocyte for them, as well as for the eells by which they are produced. 

The desmoidal processes may occur at any part of the outer skeletotrophic tissues*, but are 
most numerous in areas along which the tissues may have to withstand, as it were, the strain 
of any muscular activity of the polyp. The attachment of the mesenteries to the skeletotrophic 
tissues represents such areas, and here desmoidal processes usually occur in numbers. 

Also, as shown in tig. (37. PI. IX, they are specially developed in colonies along the line of 
separation of one polyp from those adjacent. It is obvious that at the point drs. j>r. the poly}) 
upon expansion will tend to raise the skeletal covering from its adherence to the edge of the 
caliee; hence to meet this the skeletotrophic tissues are provided with a special development 
of desmoidal processes. However fully expanded a polyp maybe, it is never able to detach 
its basal wall from its adherence to the eorallum. 

The whole manner of distribution of the desmoidal processes fully supports Fowler's (1899) 
suggestion that the structures are special devices for maintaining the adherence of the polypal 
tissues to the skeleton. Their purpose in many ways is comparable with that of the liga¬ 
ments in the higher animals. They do not occur over the actively growing regions of polyps: 
the skeletotrophic ectoderm is here a continuous epithelium (PI. II, tig. S). 

ECTODERM OR CAUCORLAST LAYER. 

The basal ectoderm or calieoblast. layer is of much importance in studies of the morphology 
of the Madreporaria, seeing that by it is produced the entire skeleton, or coral as popularly 
understood. The nature of the layer, and the mode of formation of the skeleton by it, have been 
the subject of much controversy, with which the names of Milne Edwards and Ilaimc. A. R. 
von lleider, G. von Koch. Miss Ogilvie. and G. C. Bourne are associated. Bourne (1899) has 
recently summarized the various views as to the structure and formation of the skeleton, and 
has made a very thorough study of the process as it takes place in different genera of Anthozoa. 
With regard to the Madreporarian skeleton he finds, with von Koch, that the calieoblast layer is 
evervwhere a simple epithelium, the cells rounded, columnar, or fused together, and that the 
calcareous matter is laid down wholly external to the poly}). He thus differs from von lleider 
and Ogilvie. who concluded that the calieoblast ectoderm was a nmltilaminar layer, and that the 
skeleton resulted from calcification within the cells. The ealicoblasts described by von lleider 
are shown to correspond with the desmoevtes of Bourne, and are not concerned with the 
secretion of the skeleton. 

The results from the present study fully confirm those of von Koch and Fowler as to the 
unilaminar condition of the calieoblast layer and the ectoplustic formation of the skeleton. 
I sually the layer is only well developed within regions of active growth, as toward the 
uppermost part of the. eorallites (PI. II, fig. 8), or aborally, where dissepiments are in course 
of formation (PI. X, fig. 73). Elsewhere the ealicoblasts form an extremely flattened layer: 
in .S’/Vrw.sf/vw. however, the structure is the same practically throughout the whole of the 
skeletal area (PI. XXIV). As a rule desmoevtes are wanting where the ealicoblasts are well 
developed, but are plentiful where the cells are nonactive, especially along the line of attachment 
of the mesenteries to the basal walk 

In some instances (Matin porn * fig. lb) the skelctogenic ectoderm shows distinct cell 
limitations, as in ordinary columnar epithelium; but generally these are lost, and the contents 
are arranged in a continuous manner and largely vacuolated. 
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Between the ealicoblast layer and the aetual skeleton. Bourne has found what he terms a 
hnntouj )nt>hdn'an<\ separating the poly pal wall from the calcareous matter. This occurs 
wherever deca lei Heat ion of properly preserved material is carefully carried out. but to my mind 
represents the remains of the colloidal matrix in which the skeleton is deposited. At the growing 
apex of Mn<1 r<porn a continuous ground substance remains after decalcitieation. and tills the whole 
of the space occupied by the corallum. behaving toward reagents exactly like the mesogleea 
between the ectoderm and endoderm. It presents a striated, scale-like appearance, altogether 
similar to that of the calcareous fibers of the skeleton of Ma<h\p<mt (tigs. 18, lb). The stria? have 
manifestly been produced by the calcareous skeleton laid down within a perfectly homogeneous 
substance. This latter is evidently secreted by the calicoblasts, but only under the most 
favorable conditions, as near the actual tip of rapidly growing branches, can it be found persisting 
throughout the skeleton. Elsewhere the organic matrix has either wholly disappeared, or is so 
insignificant as not to persist in a continuous form on decalcitieation. Stages in its disappearance 
can be easily followed in J La<h'ep<n'<u in passing downward from the apex of branches, and it 
becomes obvious that the mesoghea-like covering on the outside of the ealicoblast layer is but 
the densest, most recent part of the matrix, which is persistent, and within which calcareous 
fibers will be deposited. 

The skeletotropbic tissues of Sirfcrnstwo and J/W/v pom will he described in somewhat more 
detail. 

The skeletotropbic layers of Siderastnra present certain features which distinguish them 
from most corals (PI. XXIV, tigs. 157. lflO). The endoderm broadens but little in passing from 
above downward; it is strongly vacuolated throughout, and contains numerous granules and a 
few zooxanthelhw but all traces of cellular divisions are lost. The skeletotropbic mesogkea 
is everywhere thin, forming only a mere dividing line between the ectoderm and endoderm. 
The skeletogenic ectoderm has practically disappeared where the mesenterial mesogkea unites 
with the body wall, and the mesogkea has become swollen in a triangular manner, and is finely 
striate, giving rise to desmoidal processes. The latter are found only in association with the 
mesenteries, where those unite with the calicinal wall, or more frequently where perforated by 
synaptirula (tig. lob). 

The ealicoblast layer of Side matron is remarkable in that it persists as a broad, uniform 
layer throughout the polyp, even in regions where the corallum may he assumed to be in a less 
active condition, as along the lateral surface of the septa. Its usual appearance is represented in 
tigs. 157. lflO. It is strongly vacuolated, with numerous tine granules which stain deeply, and seem 
as if constituting' a matrix in which the vacuoles are formed. The ectoderm nowhere presents 
the characteristics of a columnar epithelium; cell limitations are indistinguishable, and larger, 
deeply-staining bodies among the granules are probably nuclei. Where decalcitieation has been 
carefully carried out, fragments of the homogeneous organic ground substance, within which the 
skeleton is deposited, remain behind, closely adherent to the ealicoblast layer. 

Sections of decalcified material of J/w7/y -porn through the growing region at the apex of 
branches, usually show a broad, columnar ealicoblast epithelium, much broader than the ciliated 
endoderm of the canal system (PI. II, tigs. 8, Id). Cell limitations are more or less clearly 
indicated, and the cells are largely vacuolated, the protoplasm being finely granular, and more 
concentrated toward the periphery of the layer. The nuclei are rounded and arranged mostly 
along a middle zone, but are not as regular in position, nor as numerous, as in the columnar 
cells of the endoderm. There is no indication whatever that the layer is more than one cell 
thick, or that transverse cell division ever takes place. 

In the tir>t few sections through the actual apex, where the spaces left by decalcitieation are 
very narrow, the ealicoblast layer is oven a little broader than in the sections represented, and 
the vacuolization is not so pronounced. In sections some distance from the apex, the layer 
begins to narrow, and soon it is represented by flattened cells which are often scarcely percep¬ 
tible. ThL is the condition for the most part throughout the colony, and is inconsistent with 
much functional activity. 
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In the most actively growing regions of the colony, where, the ealieoblast layer forms a 
broad columnar epithelium, the mesoghea appears as a uniformly thin layer, entirely free from 
an\ connection with the corallum (tigs. but in other areas, when decalcification has been 

carried out slowly, the middle layer displays numerous desmoidal processes on its skeletal surface 
(figs. 7. 17). The most perfect forms of desmoidal processes are conical or pyramidal, the base 
projecting outward; usually they are seen in longitudinal section, but occasionally in transverse 
section. Toward their free edge the processes stain much more deeply than elsewhere, and are 
very finely striate, the stria? being practically parallel and of equal length. The actual edge of 
the desmoidal processes is usually jagged, as if torn from some attachment. 

Elsewhere the mesogheal lamella exhibits smaller, less regular elevations, which are similarly 
deeply stained and striate. When a process is cut through transversely, either radiating stria? 
are presented at all the levels, or a punctate appearance is revealed. Nuclei are scattered about 
the origin of the processes, but are never found within it. The processes are undoubted 
outgrowths of the thin mesogheal lamella, the actual continuation being readily observed; but 
the deeply-staining character toward the free edge indicates that some structural alteration has 
taken place. 

JLa<Irtjfora otters special advantages for a study of the nature and relations of the skeletal 
matrix, as, owing to the rapid growth taking place at the apex of the branches, the admixture of 
ground substance, and calcareous deposit is here better preserved than in many corals. In apical 
polyps, which have been hardened in chromic acid, and slowly decalcified by means of weak acetic 
acid, the organic matrix of the skeleton is obtained in situ. It presents exactly the appearance 
of a striated mesoglceal substance, and behaves toward reagents in the same way, and is wholly 
devoid of nuclei. The fine stria? are arranged in a scale-likc manner (fig, IS). The matrix is 
best developed at the terminal region of the coral liters. and is densest toward the polvpal surface, 
gradually thinning toward what would be the primary (‘enter of calcification within the branch. 
In most preparations it is shrunk from the calicoblast layer. 

Looking at fragments of the eoralluin under a low magnification (about Oo) the surface has 
the appearance of minute imbricating scales. They are somewhat polygonal in outline, and the 
free edge is directed obliquely forward, the whole indicating a spiral arrangement, most 
pronounced in the smaller branches. Under a higher magnification, however, each of the 
apparent scales is seen to be but the exposed terminal portion of an obliquely arranged fiber, 
proceeding from the deeper regions of the corallum, and the superficial scale-like appearance 
is produced by the overlapping of the numerous fibers. This is also seen in sections of the 
skeleton starting from the surface, but the distinction between one fiber and another practically 
disappears a little below the surface. The free edge of each fiber is often slightly jagged, not 
rounded and smooth, as if torn from some other connection. Viewed by transmitted light, each 
fiber has an indistinct, delicate, fibrillar appearance, with alternating lighter and darker trans¬ 
verse bands, somewhat recalling a striped muscle fiber (tig, lb)/' The matrix left upon deealeifi- 
cation is thus closely repeated in the microscopic characteristics of the newly formed skeleton. 

In studying the relations of the corallum to the soft tissues, sections have been made 
through the apical region of branches in which decalcification has lmt partly proceeded. It is 
found that the middle portion or center of calcification is the first to disappear by the action of 
the acid, the periphery, where most organic ground substance occurs, being last. 

rt I>r. Ogilvie (1S96, p. 217) also gives a figure of the enlarged calcareous libers of Mndre}tom y terminating in 
what she considers to be calicoblast scales. According to the view there presented, the scales are calcified calico- 
blasts, but as shown above the polvpal tissues afford no support for such a conclusion. The organic matrix referred 
to by Miss Ogilvie is proved to be a homogeneous, jelly-like substance secreted by the calicoblast layer, within 
which the calcareous fibril la* are laid down in a scale-like manner. 
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GASTRO-CCELOMIC CAVITY. 

The term gastro-cudomic is applied to the. whole of the. internal, endoderm-lined cavity of 
coral polyps, including any outgrowths or continuations which it may possess. In some ways 
the designation is preferable to the terms gastro-vascuhir cavity or eudenteron, generally 
employed for the poly pal cavity in Anthozoa. For from the considerations of van lkmeden 
(18fil). and E. 1>. Wilson (LS81), there seems some evidence to support the view that the space but 
incompletely inclosed by the mesenterial lilanients is the morphological equivalent of the gastric 
cavity, or enteron, of the higher Metazoa, while the remainder of the internal cavity, partitioned 
bv the mesenteries, is the morphological representative of the cadom of the Enterocuda. 

Among colonial corals the gastro-cudomic can ities of all the polyps in actual union with one 
another are in communication, and the nutrient lluid can pass from one to the other. This is a 
persistence of the conditions consequent upon asexual development, whether this takes place by 
gemmation or by tissiparitv. In gemmation new polyps arise wholly or in part from the column 
wall of other polyps, and the internal cavities of the two are common for a time. Thus the 
developing bud of ^larfrepora. shown in the series of figures on PI. Ill, arises altogether from 
the comosareal wall of the colony, and its coelomic cavity during the primary stages is repre¬ 
sented by one of the superficial canals of the colony. In the developing polyp of Solentistrxa, 
represented in section in PI. XII, fig. 87. a distinct partition wall, lined with endoderm on 
both sides, now partly separates the bud from the parent: but interruptions occur at more or 
less regular intervals, which permit of a circulation between the two cavities. 

The mode of communication of the various poly pal cavities in a colony varies somewhat in 
different forms. In genera like JWtte .*, SiJerostneo, and Afjarlcta^ in which the polyps are 
separated from one another merely along a common calicinal wall, intermesenterial apertures 
remain along the line of union, while the polyps are partitioned mesenterially. In Siderastreea 
septal partitions also occur, at any rate during retraction; for peripherally the column wall 
comes to rest directly upon the septal covering, so that only a very narrow space is left on each 
side between the mesenterial and the septal wall (PI. XXIII, fig. 150). The channels of commu¬ 
nication of four adjacent polyps of PorJtt* over the thecal edge are represented on PI. Ill, fig. 31, 
taken from a section through the superficial region of a colony in which the polyps were in a 
retracted condition. The fragments of the. corallum seen are the slightly exsert septa, and the 
canals pass over and around them. 

Adjacent polvps of QrbictUu and Sohnaxti* iea are also placed in communication intevmesen- 
terially at the superficial line of union of the polvps. During retraction the apertures are not 
connected directly with the main cavity, but through the intermediation of its peritheeal 
prolongations. The same method of superficial intermesenterial communication holds for the 
contiguous rows in the genera reproducing by incomplete discal fission, e. g,. J Ixamlnna 
(PI. XX, fig. 138), ColpophylUit* J IsophyJliti. In these, however, the polvps which 
are united in the same discal system have no independent cavity, the one continuous chamber 
is shared in common. The polyps do not attain true individuality; they can best be understood 
as so many mesenterial and stomodieul systems within a general cavity. 

The numerous polyps constituting’a colony of J huh'tporn are likewise in communication by 
means of the superficial canals, which are continuous over the thecal edge with*the main gastric 
cavitv (PI. 1. fig. ^): but in the groat group to which J [od repora and also Ponte* belong — the 
Porosa -there is another and more complicated system of communication than that afforded by 
the superficial canals. Anastomosing radial canals are given off by the basal (skeletotrophie) 
part of the body wall, in such a way that they appear as if penetrating the corallum which 
separates one polyp from another, and thus place the different cudentera in union; in JFadnpora 
they further come into communication with the superficial canals. 

The radial canals arc given off very closely in both Ponte* and J F<«J repora* and are disposed 
both mos-entevially and intermosonterially, without anv apparent regularity. As many as five or 
six may be .seen in a single trans\erso section (PI. 1, figs. 3—0). The}' are not so numerous in the 
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upper region of the apical polyps of Madi'cpoi'u as below. In fig. 2, representing an apical polyp, 
no radial openings occur on either side, though an uninterrupted continuity of the corallum for 
such a distance appears to be somewhat unusual. The superficial canals in exsert corailites of 
Madrrporn are mostly longitudinal in direction; but transverse connections occur, and the canals 
may be also interrupted by skeletal growths. Decalcified preparations show that the canal 
system does not as a rule prolong the gastro-cadomic cavity at the aboral end of the polyps; in 
both /b/vVrN and Madnporn the polyps and their canals are abruptly truncated. 

The internal canal system in the Porosa is morphologically basal in origin. For it is 
established that the whole of the skeletotrophie tissue is derived from the primary basal disk, 
and all its evaginations and invaginations are but so many foldings and complications of the 
walls of this region of the polyp. The canals of the perforate corals may therefore be compared 
with the basal communicating canals of colonial Actiniaria, such as those of Ptdythtm among the 
Zoanthea\ Though exerting a profound influence on the character of the corallum, the canal 
system of the Porosa has but little morphological significance, and in any natural classification 
of corals appears altogether unworthy of the importance which has been assigned it by 
svstematists. 

The fundamental difference between colonial non-perforate and perforate corals may he 
thus stated; In the A porosa the gastro-cceloinie cavities of the component polyps of a colony arc 
in communication only by superficial apertures along the common line of union of the column 
wall and base, while the Porosa have in addition a means of communication by basal anastomosing 
canals. 

Compared with that of the Actinism polyp the gastro-coelomic cavity of the Madreporarian 
poly]) is much more subdivided and intruded upon, both radially and peripherally, particularly 
in its lower region. In addition to the mesenterial partitions, shared in common with the 
Actiniaria, a like number of radiating septal invaginations usually occurs, while columellar, 
spinous, and synaptieular productions still further break it up centrally and peripherally. 
Moreover, the calicinal wall itself is often produced upward as a peripheral, circular wall, 
and, so far as it extends beyond the line of union of the column wall and base, divides the 
ctelomic cavity, as well as its mesenterial partitions, into inner and outer moieties, the latter 
constituting the cavity of the edge-zone or Randplatte. 

During expansion the upper part of living polyps is elevated for some distance wholly 
beyond the corallum, and in distinct polyps the free portion is cylindrical, in form closely 
recalling an Actinian polyp (figs, 40, 48). Here the subdivisions of the gastro-emlomic cavity 
are only mesenteric, and are arranged peripherally into entoc<elic and exocudic chambers in a 
strictly Actinian fashion. The fleshy parts of lissiparous genera likewise become extended 
for several millimeters, the oral disk appearing as a meandering platform fringed hy the zone of 
tentacles, and the column wall on either side as a nearly vertical sinuous parapet; the cavity is 
divided into entocudie and exoeadic chambers, but not with any cyclic regularity. 

In retracted polyps not only is the oral region withdrawn within the calico, but the 
perithecal wall becomes more nearly apposed to that immediately covering the skeleton, and 
closely reproduces the outer corallar form, thus largely obliterating the intervening gastric space. 

Proximnlly the poly pal cavity extends some distance within the corallum. or rather the 
corallum has intruded within the polyp; and in these lower regions the cavity becomes 
subdivided in a most complex manner by skeletal ingrowths. In addition, the skeletotrophie 
endoderm becomes greatly thickened proximally, and further encroaches upon the chambers, 
but apparently the mesenteries always cease before the lower termination of the polypal 
cavity is reached." 

a Nothing like the peculiar obliteration of the polypal cavity which Selater (1880) describes in >SY eplutnotrochus 
has been encountered. In all cases the cwdomic cavity persists as far as the. proximal floor of the polyp. According 
to llourne (18PM, p. 219), the polyp in Fungia does not desert the lower part of the calice, but remains adherent to 
the basal plate. Yet even here l»ourno finds that the primary and secondary mesenteries are carried upward as 
growth proceeds, and are confined always to ihe upper moiety of the calice; the lower moiety consists only of 
chambers lined with endoderm and undivided by mesenteries. 





MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 


4S7 


In the upper region of (ho calico tho septal invaginations as a rnlo stretch hut a short distance 
radially into tln^ gastro-cmlomic cavity, tho portion of tho polypal cavity included between one 
soptinn and another being spoken of as an interseptal chanihor or loculus. As the lower regions 
are approached, the septa extend farther and farther centrally, subdividing the cavity more and 
more, until ultimately they unite in the middle to form or share in the columella. Where such 
central fusion takes place, the gastro-eodoinie cavity is divided into interseptal chambers, which 
in transverse section are wholly distinct from one another, laterally and centrally (tigs. 55. 84). 
If the septa of all the cycles, both entoeudie and exocudic, extend as far as the (‘enter of the 
poly]), each chamber is simple, and includes within it only one mesentery (So/rnits/rntt* fig. 84); 
but when younger cycles extend only part way toward the center, each chamber is incompletely 
subdivided, and may contain two or more mesenteries (tigs. 54, 55). All stages toward the com¬ 
plete isolation of the septal chambers are represented in passing* a series of transverse sections in 
review, from above downward, the primary septa bein'** the first to unite centrally. Where the 
septa do not completely fuse centrally, in other words, where they do not form a solid 
columella, the interseptal polypal chambers remain in open communication at the middle 
throughout the polyp (J Pandrtnu* PI. XXL fig. 14*2). 

The actual manner in which the interseptal chambers terminate proximally is host studied 
in entire, decalcified polyps. In some specie's they narrow gradually in an oblique manner, 
while in others they terminate abruptly. Where the chambers are oblique, the polyps gradually 
diminish in transverse area as the lower region is approached, the newer chambers ceasing in 
advance of the older. This is* characteristic of the genera Ocxdinn , Fav'xt* Ayari<da % Jhmndrina* 
Mantchut. and hojdajlUa. In OrhieAht* Solrnastnea* Stderastrwt* Cludocorn, Aatranyht, Porites* 
and most J [tdtvjxjra, the polypal chambers are of practically the same sectional area from begin¬ 
ning to end, though the truncation of the newer chambers may occur a little in advance of that 
of the older. In mature polyps of the last series of genera, the basal floors of the mesenterial 
chambers may all occur at practically the same level, as if all had been cut off by dissepiments 
formed simultaneously. 

PI. Y, fig. 42, representing transverse sections through Porites, shows how .the central cavity 
is encroached upon by the spine-like, colmnellar projections; according to the level at which the 
section is made, they may he either distinct or in continuity with the septa. The presence of 
svnapticula results in a similar encroachment on the outer regions of Stderastnra* at tin* same 
time leading to a disappearance of the peripheral portion of the mesenteries (PI. XXII). 

The extent to which the gastro-cmlomic cavity may be prolonged over the edge of the ealieinal 
wall, before it terminates at the line of communication with the adjacent polyps, varies greatly in 
different species. In the older regions of colonies of Octdt nit* the interval between one polyp and 
the next may he a centimeter or more; the mesenteries may. however, cense before the spiral 
line of union of contiguous polyps is reached. In Vladocora the outside of the theca may he 
covered for 5 or (> mm. by the fleshy tissues, and the mesenteries subdivide the inclosed chamber 
for practically the whole distance (PI. VII, fig*. 54). The ealieinal wall in Orb toll a and 
Snh>nasfr;ra is prolonged but a short distance above the level at whieh the contiguous polyps are 
united with one another. Just as the calieular* portion of the polypal cavity is partitioned and 
intruded upon by skeletal growths, so is the narrower extraealienlar space; the mesenterial 
continuations divide it into vertical chambers, and costal ingrowths usually alternate with the 
mesenteries, corresponding with the septa internally. In Atadrejtora* where no peritheeal 
mesenteries occur, the space is broken up by eoxtnte ridges, whieh are more numerous than the 
septa within. Here. howe\*er, the skeletal ridges actually come into contact with the superficial 
wall and .support it, and were it not for transverse communications the peritheeal cavity would 
he typically represented by a series of distinct y ertical canals. 

SYXAPTKTLA. 

Synapticnla are solid calcareous bars of various form which unite adjacent septa across* 
the interseptal loculus. They are formed by the enlargement of granulations on opposite faces 
of adjoining septa* growth continuing until the projections meet in the middle of the interseptal 
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spare and fuse, without tile, presence of anv intervening soft tissues. Intermediate stages in the 
formation of indentations of the skeletotrophie walls lining the intersepta] spaces are presented 
by corals in which the septa bear only granulations. The complete skeletal fusion necessarily 
leads to the piercing of the skeletotrophic tissues originally covering the granulations, and by 
means of which the calcareous additions are made. The mesentery contained in the interseptal 
chamber is likewise perforated as a result of the skeletal growth across the chamber containing it. 

Much discussion has arisen as to the systematic value to be assigned a synapticulum, accord¬ 
ing as it is completed by the simple enlargement of two granulations, or by the intercalation of 
one or more additional centers of growth. The former have been termed by Pratz (1882) 
‘‘False synapticula," and the latter ** True synapticula." The polypal tissues themselves show no 
distinction, according as one method or the other is followed, and for discussion as to their 
importance in skeletal morphology the works of von lvoch (189b, p. 259), Ogilvic (ls9b, p. 1*4), 
and Vaughan (1900, p. 47) among others may be consulted. 

The genus Sn/ematraM is especially favorable for a study of the relationships of the polyp to 
these characteristically Fungid structures (Pis. XXII. XX111). In the eorallum of tv 

the synapticula are seen as vertical rows of short, thick, nearly circular bars, stretching from 
one septum to another across the interseptal space, and mainly restricted to the peripheral 
region of each corallite/' Fpon decalcitication of a polyp the soft tissues remaining are found 
to be made up of a large number of radiating vertical lamella?. In the upper region these are 
united centrally, blit are mostly free from one another below, and all terminate at about the same 
level. The complete separation of the lamella? results from the fact that in the lower region of 
each corallite the septa extend all the way from the calic-inal wall to the central columella, and, 
uniting with the latter, wholly cut off one septal loculus from another. In its natural state 
each lamella is separated basally from the lower part of the eorallum by a dedicate horizontal 
dissepiment, exactly as in other corals, except that the dissepiment in its course may encounter the 
synapticula. The lamella? thus represent the interseptal polypal tissues freed by decalcitication; 
each consists of two lateral walls which lined adjacent septa, and above contains a single mesentery, 
while below it is empty. 

A surface view of an isolated interseptal lamella, slightly enlarged, is represented on FI. 
XXII, tig. lf>2. The edge to the right is central in regard to the polyp. For nearly the whole 
of its length the lamella is perforated toward its peripheral border by three rows of round or 
oval apertures. Sfnaller lamella? may bear only two rows of perforations, while again there 
may be four more or less complete rows in some of the larger polyps. The apertures in the 
lamella? represent the spaces which before decalcitication were pierced by the skeletal synapticula, 
and in each corallite the increase takes place above and centrally. 

Various sections of polyps of X ahlmn arc represented on PI. XXIII. and from these the 
relations of the fully formed synaptieulum to the polyp as a whole can be ascertained. In both 
transverse and vertical sections each interseptal chamber appears as if composed of several 
wholly distinct segments, the skeletal matter which separates them representing the synapticula. 
Some of the chambers are wholly or in part occupied by a mesentery, while others are 
empty; in the few instances in which the section of a chamber does not include a perforation, 
or rather a synaptieulum, the loculus i* complete from center to periphery. A consideration 
of the varied appearances which would result from sections at different levels through the 
complete lamella (tig. 152) will aid in an understanding of the appearances presented by the 
different interseptal chambers. The synapticula never wholly isolate 1 any portion of the internal, 
cavity, though they must interfere with the effectiveness of the peripheral circulation. 

The sections further demonstrate that a gradual atrophy of tin* mesenteries takes place in 
the lower and peripheral parts of the polyp as these become invaded by the synapticula. In the 
uppermost polypal regions all the mesenteries an 1 attached to the column wall and disk, and six 
pairs extend inwardly as far as the stomodfvum; but a little below the level of the stomodauim 
the peripheral attachment becomes lost, while in the lowest sections no part of the mesenteries 
whatever remains. 


" lmr excellent representations of the synapticula in Shlcmsinva sec Miss (>«dlvie’s paper, 1890, pp. ISO-182. 
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-All stages in the resorption of tin 1 lower p:irts of the mesenteries can l>o observed. Where 
the action is in progress the peripheral edge is free and tapering, although the mesentery was 
originally attached by this to the wall (tig. 158). The mesoghea is seen to break up into distinct 
pieces, and the endodermal epithelium is in different stages of disorganization: terminal 
fragments appear as if about to break otT, and occasionally free particles are met with. The 
mesenterial debris thus set free is evidently in jested by the endodermal epithelium lining the 
chambers, for the layer is here of exceptional thickness and the large cells are crowded with 
granules and irregular fragments, which closely recall those given oil from the disintegrating 
mesentery. 

Fig. 153. taken from a retracted polyp, reveals that the mesenteries do not extend as far as 
the most peripheral chambers, although the region represented is no lower than the stomodanim. 
In some eases a fragment of the mesentery may persist in the second chamber, but its imperfect 
character indicates that it is about to disappear: even where the section does not actually 
encounter a synaptienlar interruption the peripheral tissue is atrophied. 

In the tangential section, tig. lab, the mesenteries all extend vertically beyond the first 
transverse rows of synaptieula, but in the chambers below they begin to exhibit the various 
stages in absorption. 

That the mesenteries are actually pierced by the synaptienlar formations is manifest from 
the preparations. When serial sections are passed in review, it is seen that the mesentery 
wholly .surrounds the upper and more central perforations left by the removal of the synaptieula, 
and frequently the mesenterial mesoghea becomes swollen, and presents striated areas, such as 
are formed by the desmoeytes where a mesentery is inserted on the calienlar wall (tig. 157). 

Miss Ogilvie has attributed an altogether different origin to the synaptieula. in her account 
of these structures in Fungia and Sidtmstr&a. Commenting (p. 170) upon Bourne's description 
of the synaptieula in Fungia , she states: fc *The important point is that they neither ' interrujft' 
nor 'pierce' the mesenteries." Further, it is assumed all along that the body wall is specially 
invaginated from below to produce them". Had an examination of the actual polypal tissues* 
been made it is impossible to see how any support could have been adduced for such statements, 
any more than would be forthcoming for the production of simple tubercles on the septa. 

Professor Bourne, in his paper, "The Anatomy of the Madreporarian coral Fungia" (1887), 
also describes somewhat similar mesenterial relationships in the genus Fungia , only here the 
synaptieula are in single vertical or oblique bars, not in vertical rows, as in Snh'rastrxa. In the 
upper regions of the interseptal chambers there are no synaptieula, and the mesenteries are free 
to radiate across the whole space between the stoinochvum and the periphery of the disk, but in 
the lower portions of the loculi the continuity of the mesenteries becomes interrupted by 
the svnapticula. Owing to the much larger number of vertical bars across the broad septa 
of Fungia , the intersynapticnlar cavities in sections greatly outnumber those of Siderastnea* 
and the mesenteries do not extend wholly across any segment, being represented by a small 
projection at each extremity of the chamber (Bourne's tigs. 13, 15). Bourne's explanation 
(l.xs7, p. lb) of the significance of the synaptieula, that "physiologically they seem to serve 
as stays or buttresses, giving solidity and coherence to the coralluin,*' is probably the most 
correct of any vet offered. From the disappearance of the mesenteries below, almost pari passu 
with the development of the synaptieula. the circulation of the digestive fluids and functional 
activity within the synaptienlar region becomes diminished, and it is very doubtful if, as Miss 
Ogilvie (p. 171) suggests, the main advantage is that an increased endodermal surface is 
afforded within the visceral cavity." 

a Acting upon this suggestion of Miss (Jgilvie, Pelage and Herouard, in their “Traite de Zoologie Concrete, Tome 
II, pt. 2, Les Codenteres,” 1901, have constructed two ingenious diagrammatic figures (pi. 62, tigs. 1, 2), attempting 
to show how the basal infolding of the soft wall of the polyp proceeds in the formation of both bar-like and lamellar 
synaptieula. Tin* polyps of Sifhraslnca give no support whatever for such a conception. From the interseptal 
lamella represented on PI. XXII, fig. lo2, it is manifest that each synaptieulnm is formed independently of the 
others, not from a continuous infolding of the basal part of the skeleiogenic layer, as Ogilvie and Pelage X Herouard 


assume. 
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Where the mesenteries are pierced and fixed by synapticnla it is manifest that their retractile 
power will he Uwt: hence, only centrally and above will they still be able to extend and retract. 
With this, perhaps, may be associated the fact that the polyps of both Sideraxtrxa and Ayaricia 
are able to expand above the corallum the least of any species coming under observation. 
Colonies of the former have been kept in aquaria for months, and the polyps raise themselves 
but little above the corallum. 

COLUMELLA. 

If the aboral surface of a coral polyp be examined after decalcification, either as a whole or 
by means of sections, its middle affords certain indications as to the nature of the columella. If 
the calcareous tissue in the center of the corallite be elevated and solid, it intrudes, as it were, 
into the central basal part of the polyp, just as the septa intrude radially, and upon its 
removal a conical chamber remains. The soft tissues of the interseptal loculi are then wholly 
distinct from one another, for a greater or less vertical distance from the base, and in transverse 
sections the loculi are separated both laterally and centrally (figs. 55, 84). The calcareous 
deposit in these cases extends radially from without the boundary of the polypal tissues to the 
central deposit. If, on the other hand, the middle of the corallite be occupied by a spongy or 
merely convoluted calcareous mass, irregular chambers remain, which represent so much of the 
gastro-ctelomic cavity of the polyp, and serve to maintain the different interseptal loculi in 
communication (fig. 142). 

The details represented by polypal sections, however, afford no evidence as to how the 
columella has been produced, whether as an upgrowth of the floor of the corallite, or by fusion 
of the free edges of the septa, or by both combined. This can best be ascertained from an 
examination of the skeleton itself. 

ORDER OF APPEARANCE OF SEPTA. 

PHOTOSEFTA. 

In accordance with the division of the mesenteries into Protocnemes and Metacnemes, the 
septa appearing in association with them will be described as Protosepta*' and “Metasepta M 
respectively. The protosepta will include the six primary septa appearing within the primary 
entocreles, and the six septa which appear within the primary exocudes; all the succeeding 
septa, arising within the eiitocoeles oi exocudes of the later mesenteries, will be metasepta. The 
septa within the directive entocudes are known as ** Directive Septa,'’ and are axial in position. 
Sometimes, as in J [adnpora* these can he distinguished from the other protosepta by their 
greater or less size, and thus give a marked bilateral character to the cal ices. 

Prof. II. do Lacaze-Duthiers (1873) was the first to observe the origin of the primary septa 
in coral larva*, his researches being conducted upon the simple, perforate coral, A*troid<* 
cal ye atari*. The description and figures indicate that twelve independent septa appeared simul¬ 
taneously, one in each mesenterial chamber, while the*young polyp was at the protoenemie 
stage of development. Apparently from the beginning each septum was constituted of three 
pieces, arranged in a Y-shaped manner, the bifurcated end being peripheral. Prof. G. von Koch 
(1882) subsequently obtained similar results for this species, at the same time fully establishing 
the ectodermal origin of the skeleton. In a paper, Evolution <lu Polypier da Flabellam 
anthophyllum ." Lacaze-Duthiers (1834) refers to young specimens of this species with only six 
septa and six tentacles, and in later eoralla, where twelve septa occur, the members of the second 
cycle are much smaller than those of the first. G. von Koch (1888) had previously demonstrated, 
by means of serial sections of adult eoralla, that Fhihellam at its earliest stage is provided with 
only six septa, and that an alternating cycle of six appears later. 

In one of his last works on corals, Lacaze-Duthiers (1807) makes further important contribu¬ 
tions to our knowledge of the early stages in the development of the septa, so far as the process- 
can lie followed by observations on the living polyp and macerated eoralla. A very complete 
series are given, illustrating the appearance of the septa in Balanophyllla reyia , as well as notes 
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on those of CargnphgUin :md other forms. The corals L< ptopsammia and Ohtdnpsnmmia* in 
addition to Astroidvs and BalanophyWa* were found with twelve primary septa appearing 1 
.simultaneously. 

Prof. G. von Koch's paper (181 >7), on thejdevelopmont of (’aryojdnjd ia eyutlias, indicates 
that in this imperforate coral the six entoeoelie septa are the first to appear, and are early 
attached to the theea, which arises a little later and independently of the septa. The. alternating 
exocudic septa appear somewhat later than the entoeodie, and like them are uniform in size, hut 
shorter in their radial extent. The basal plate preceded the development of the septa, appearing 
at first as six independent, somewhat triangular, calcareous deposits, which afterwards fused 
with one another. Here, again, the protoenemes alone are developed, and only as far as the 
Edwards-!a -stage, the fifth and six pairs being incomplete. 

My results on the origin of the septa in the fissiparous coral J fanicina areolata, so far as 
they go, coincide with those of Lacaze-Duthiers and von Koch. The septa appeared as 
upgrowths of the basal plate, covered on both sides by the basal wall of the polyp (tig. 137). The 
first six septa appeared simultaneously, within the enfocodes of the larva at the Ed //v//vAvG-stage 
of mesenterial development (tig. 135): on the other hand, no exoccelic septa had arisen when the 
vonag* polyps were preserved, although an interval of over a week had elapsed since the appear¬ 
ance of the entoeoelie members. There is good reason to suppose, however, that the primary 
exoeudie members never appear in J lanieimu as exoccelic septa seem to be absent from the 
adult. 

In numerous polyps of Side rast rhea radians reared from larva*, the six members of the 
primary cycle of septa appeared simultaneously, within the six primary entoceeles, three or four 
days after fixation of the larva, and in practically all cases were equal in size. Each septum 
was at first a simple lamella, with the upper edge distinctly serrated, and the lower edge fiat and 
adherent to the glass to which the polyp was affixed. A day or two after the formation of the 
first cycle, of entosepta. the six exosepta began to make their appearance, in some cases practically 
simultaneously, but in others in successive bilateral pairs from the dorsal to the ventral aspect 
of the polyp (p. 4 ( J2). Thus in fig. 12c, a septum occurs in each of the two dorsal exoeieles, a 
rudimentary member in each middle cxoccelc, while in the ventral chamber no skeletal formation 
is yet apparent. Figs. 5, e. although representing different stages, were taken from two different 
polyps of the same age. 

The young polyps of Siderastrien in the end presented two complete cycles of protosepta, 
a primary cycle consisting of six equal entosepta, and a secondary cycle of six equal exosepta, 
the latter series having appeared later and remaining a little smaller than the former. The 
protoseptal stage was completed within the first fortnight after the extrusion of the. larvae In 
the later growth of the septa the peripheral extremities assumed a Y-shape, the additional 
portions appearing in >oino instances as distinct formations, and in others as continuations of the 
primary simple septum. 

The above examples all agree in the fact that the six entucielie septa arise simultaneously at 
the developmental stage marked by the presence of six pairs of mesenteries, and with the 
Edwardsian mesenteries alone complete. Lacaze-Duthiers 1 figures of BalanopbyUia regia 
indicate that when the septa appear all the twelve mesenteries are united with the stomodamm, 
hut no microscopic sections were made to confirm this. In Astro ides, BalanojdnylHa , and others, 
the exoccelic septa appear along with the ontoceelie, but an interval elapses in Caryophyllia , 
E label hue*, and Siderastrrea before this takes place, while in Manic l na they are wholly wanting. 
Where exosepta are developed, the six members usually appear together, but in certain 
polvps of A. radians a decided dorso-vontral succession in bilateral pairs was followed. 

The simultaneous appearance of the cycle or cycles of protosepta in corals, and their 
uniformity in size, are in marked contrast with the successive order of development followed 
by the pairs of protoenemes. In no case do the septa appear until the six primary pairs of 
mesenteries are fully established, and then the six members of the cycle arise together. The 
septal sequence most nearly conforms with that of the tentacular, in which the members of a com¬ 
plete cycle, or both inner and outer cycles, appear together. 
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It must he borne in mind that the protoenemes are practically established at the time the 
larva settles, and that no skeletal formation takes place before the sedentary stage is assumed. 
During the subsequent growth of the coral, the new septa (metasepta) are found to arise in a 
dorso-ventral succession, approximately jmr! pnxxu with the pairs of mesenteries, and it may be 
conceived that if the larva? settled with only a few pairs of mesenteries developed then the primary 
septa would show a corresponding succession in their appearance. 

In most adult polyps of Portia* and Nmlrepont the protoseptal stage is retained, six ento- 
ceelic members and six exoeudie forming a larger and a smaller cycle. Very often some of the 
twelve septa are wanting, and usually one or both of the directive septa are much larger than 



a 
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Fig. 12. 

Sirinastni fi radians .—Series illustrating the development of the protosepta in larval polyps. The outer white ring represents the epitheca. 
o, Six equal ento.M ptaare present, developed simultaneously. I, Six equal smaller exosepta now oceur, also developed simultaneously, 
and alternating with the six primary entosepta. r, Successive appearance of the exosepta from the dorsal to the ventral aspect of the 
polyp, observed in a few cases. 

the lateral, thus exhibiting a bilateral symmetry, corresponding with that of the mesenteries and 
tentacles. 

The young bud of represented in section on PI. Ill, proves that in asexual 

growth all the protoenemes may make their appearance before septal development commences, so 
that if seems not improbable that the protosepta limy arise simultaneously in bud as well as iu 
larval polyps. 

It is manifest from the examination of buds of other genera that the septa occur in accordance 
with the number of the mesenteries at any particular stage, or at any rate their downward 
extension is in conformity with the mesenteries present. It is found that as the mesenteries 
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disappear downward so do the septa; or conversely, as the pairs of mesenteries increase in num¬ 
ber the septa follow. This is well shown in the series of sections of the bud of S<>]cnaxtr;v<i 
on PI. XII. In the transverst' section, represented in lig. St), nine protoeuemes arc present, 
and the same number of alternating septa, the latter indicated by the septal invaginations. Only 
one representative of the incomplete tiftli and sixth pairs (Y) occurs at the stage, and with it is 
associated a smaller septum. This mesentery disappears a few sections below, and then the 
septa become octamerul. in correspondence with the four pairs of mesenteries remaining; as 
others of the mesenteries disappear the septa are found to follow, and in the last section obtained 
(tig. tM») only six mesenteries and six septa occur. 

Whatever be the arrangement of the septa in adult corals, all the evidence seems to indicate 
that either six or twelve protosepta constitute the fundamental plan for all Madrcporaria, 
whether recent or extinct. Thus, by means of serial sections. Prof. G. von lvocli (188*.)) has proved 
that the coral CaryophylUa najom, which Moseley (1SS1), from his studies of the adult, first 
described as octameral. is really hexameral in its early stages. At first, six septa of the primary 
cycle are present, then six septa of the second cycle, and it is only with the appearance of a third 
cycle that modifications are introduced which lead to the production of the adult octameral 
condition. Lncaze-Duthiers (181*4) refers to the eight or ten systems of septa exhibited by 
Flabelhun . yet the early stages are typically hexamorous. 

Lindstronfs results in regard to the coral Duncan hi are also of the same character. 
Pourtales (1871) regarded this in the first instance as a living member of the order Madrcporaria 
Rugosa. With regard to the tetnunerisin of its septa, Lindstrom, as quoted by Pourtales, 
writes: 

** There seems to i>e no reason to class this species, Duneania, among the Rugosa, which 
eommonly are considered to have four septa of the first order. In making a thin section of the 
apex of a Duneania I distinctly saw six septa of the first order, which met in the center." 

There is also evidence, from the results of Ludwig and Pourtales, that some of the Paheozoie 

. . * 
Tetracoralla exhibit a like hexameral primary condition.* 

Solmaxtrfra hyade * is hexameral as far as the third cycle of septa, but the additions beyond 
this take place in such a manner as to wholly destroy such symmetry. The septa of adult polyps 
oi Jfanichia and Faria* which reproduce by oral fission, exhibit no hexameral plan, yet the early 
stages have been found to be of this type, and such can probably be assumed of fissiparous corals 
generally. 

The instances arc sufficient to show how little importance can be attached to the disposition 
of the septa in the adult coral, when discussing the broad relationships within the group. The 
whole history of any form must usually be known before its true nature can be determined, 
or any great importance assigned its adult peculiarities. The soft parts afford the surest guide 
for morphological comparison, from the greater certainty with which the relationships ean be 
determined, owing to the many structural details available for correct orientation. 

It has already been shown that, as regards the appearance of the twelve protoeuemes, there is 
evidence of practical uniformity throughout the Actiniaria and Madrcporaria; the several diver¬ 
gences in the later mesenterial sequence, distinguishing the great groups, make this their starting 
point. As regards the septa, also, there is good reason to expect that the six or twelve proto¬ 
septa will be found characteristic of both living' and extinct corals, and that all the numerous 
types of liietaseptal .sequence likewise, make this their point of divergence. The distinctive 
characters of the principal divisions of the Zoantharia are not manifest from the beginning, but 
from the completion of the protocnemic stage. 

METASEPTA. 

The endeavor to establish the order of appearance of the septa beyond the primary stage 
presents many difficulties; no uncertainty can possibly arise as far as the protoseptal stage, but 

«The subject is further discussed in a paper: “Relationships of the Rugosa (Tetracoralla) to the living Zoan- 
thea?. n Johns Hopkins Cniv. Circ., vol. xxi, no. 155; also, Ann. Mag. Xat. Hist., ser. 7, vol. x, May, 1902. 
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it is doubtful if the next .step in septal development is vet fully understood. Milne Edwards 
and Haime (1S57) first attempted with any degree of thoroughness to determine the law govern¬ 
ing the septal sequence of corals, and gave expression to their general results in the well-known 
figure on Pi. Af> of the Atlas accompanying the ** Historic. *' Their investigations, however, were 
conducted almost exclusively upon adult eoralla, the determining factors being the comparative 
sizes and radial extent of the different septa. The relative size and extent of the septum were 
conceived to indicate the order of appearance; the largest, most developed septa, were the oldest 
or first formed, the smallest were the last formed. 

Prof. G. von Ivoeh, in the course of his wide and thorough studies of coral morphology, has 
investigated the laws governing the order of appearance of septa more fully than any other 
writer. His results are largely founded upon the order of appearance and relative magnitude of 
the septa in serial sections of fully developed eoralla, a method far more likely to yield reliable 
results than an examination of only the superficial characters of the ealiee. He concludes that in 
the main the law of Milne Edwards and Ilaime expresses the actual facts of the ease—a new sep¬ 
tum always appears between two older septa, and as a rule a perfect cycle is present before the 
septa of the next cycle arise. 

Unfortunately, there is no account available of the order of development of the first meta- 
septa in their relation to the mesenteries, and yet it is only upon this relationship that the prob¬ 
lem can 1)0 satisfactorily solved. Both Lacaze-Duthiers and von Ivoeh describe such early stages 
in the formation of the eorallum, but in no case is tin* relationship of the mesenteries indicated. 

One of the facts frequently emphasized in the present investigations is that the formation 
of the septa follows very closely upon the appearance of the mesenteries. In ordinary cases, 
whatever he the number of mesenterial pairs present, an entoseptum and an exoseptmn are 
associated with each. This is clearly shown in the serial sections of the young bud of 
Solenastrtea (PI. XII); the polyps of Axtrangia (fig. 47). Plujllan<jia , and Cladocom (tig. 4J») are 
also very instructive in this respect. The correspondence in the number of mesenteries and 
septa at all stages can be established with the greatest certainty; if any mesenterial cycle is 
incompletely developed so is the septal. In Manicinn (tig. 132) and Pectin!a septa appear as a 
rule only within the entoemlie chambers, but one corresponds with even the youngest of the 
mesenterial pairs. 

Transverse sections of J \fanicina sometimes reveal septal invaginations within the exoecelie 
chambers, as in tig. 132, although by far the majority are entosepta. On following the sections 
toward the distal region, however, mesenterial pairs are usually encountered which correspond 
with the apparent cxoccelic septa seen below. Thus the latter are really entosepta which in their 
downward growth exceed that of the mesenterial pair within whose interspace they occur. 
II. V. Wilson (1888) states that the septa of J [anicina may for a time he. exocudic, hut it is 
doubtful if higher sections would not have revealed the corresponding mesenteries. Bourne 
(181*3) also found a few exoeoelie septal invaginations in Fiuujin^ though only entosepta are the 
rule; here, again, it is likely that the more distal regions of the polyp would have revealed the 
corresponding mesenterial pairs. 

From an examination of a large number of stages in the growth of various species, it becomes 
manifest that the sequence of the septa beyond the protoseptal stage follows very closely that of 
the mesenteric succession. Knowing then the order of appearance of the mesenteries, that of 
the septa can he determined also. The metacnemos have been shown to appear, not a cycle at a 
time, but in successive bilateral pairs from one aspect of the polyp to the other, and the septa 
must follow a like sequence. Although in the end the mesenteries and septa of any one cycle 
become practically equal in size, yet the early stages render it evident that adult size does not 
conform with order of appearance. 

A difficulty arises, however, in connection with the exosepta. It has been established 
throughout that the exosepta, like the exotentacles, always constitute the last or outermost 
cycle; the entosepta form all the internal cycles, the sum of the entosepta corresponding with 
that of the exosepta. But at all stages in the development of most corals, from the protoseptal 
stage onwards, exosepta occur. The important question therefore arises, whether the exosepta 
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of the early stupes become the entosepta of the later or adult .stage, or whether the exosepta 
remain exosepta throughout their existence. It is clear that whichever method is followed will 
lead to very different fundamental results in formulating the law of septal sequence. 

The former condition appears to be very generally assumed. According to this, the six 
primary exosepta are considered to represent the second order of entosepta found in the developing 
coral in which the primary and secondary orders of mesenteries have appeared. The outermost 
cycle of twelve septa, constituting the third evele, would be exosepta, and represent new forma¬ 
tions. alternating with the twelve older septa. The twelve pairs of tertiary mesenteries on their 
appearance would include these third-cycle septa within their entoeueles, and thus the exosepta of 
a previous stage would become the entosepta of a later stage. The next cycle of septa would 
consist of twenty-four cxoeadic members alternating with the first, second, and third cycles, and 
on the appearance of the quaternary mesenteries these would likewise become entosepta, followed 
by a fifth cycle comprising only exosepta. 

My investigations so far give support to the view that the exosepta remain exosepta 
throughout, and that new entosepta arise with the new pairs of mesenteries. The results, how¬ 
ever. are not vet sufficiently complete to fully establish the method. Such a relationship agrees 
with what actually takes place during the growth of the different cycles of tentacles; an exoten¬ 
tacle remains an exotentacle throughout the life of the polyp, those appearing early being dis¬ 
placed by the later entotcntaeles. 

ASEXUAL REPRODUCTION. 

By far the majority of corals are colonial in habit, and in nearly all cases the colony is 
produced as a result of the noil-sexual or vegetative reproduction of an original, sexually-formed, 
simple polyp. It follows that in any study of the Madreporaria much attention must necessarily 
be given to the various methods of polypal increase other than by larva?. 

Some few instances are known in which colonies are formed by the direct union or aggrega¬ 
tion of individuals originally distinct. For these G. von Ivoeh (1890. p. 370) employs the term 
Aggregated Colonies," to distinguish them from colonies produced by the budding or fission of 
a single polvp. Von Koch describes such aggregated colonies in the usually simple coral, Balan- 
oplnjUla r, rrnraria. and shows that in all probability they have been produced from originally 
free and distinct larva* which settled near one another, their skeletons afterwards becoming fused 
in a common deposit. Laeaze-Duthiers (1899) describes the production of somewhat similar 
aggregations, "buquets," in certain specimens of CaryophyUia obtained from Fort Vendres. 
In the process of fixation of the larva? of S«lrastr&a radian* 1 have actually observed such 
aggregation* taking place, and have followed the formation of colonies therefrom as far as the 
production of the tentacles and early stages in the appearance of the skeleton/' 

The foregoing, however, are only exceptional instances of colony formation, and need not be 
further noticed in any general consideration of the subject. 

The manner in which polypal increase is brought about, whether by budding, or by fission, 
or both combined, varies greatly in different species, and is the main cause of the immense variety 
of form assumed by colonial corals. So far as the resulting types of growth can be studied by 
observation of the skeleton alone, they have been described by writers such as Dana, Milne 
Edwards and llaime. and Duncan, and an extensive terminology lias arisen in connection there¬ 
with. Dr. A. Ortmann (1890). in his paper “ Die Morphologic des Skelettes der Steinkorallen 
in Bcziehung zur Ivoloniebildiuig," has summarized the methods of colony formation in a very 
detailed manner, and at the close of the account applies the results in part toward a classification 
of the Madreporaria. Von Koch, in various contributions, has also given much attention to 
the process of coral budding, especially as revealed by means of serial sections of the eorallmn. 
As the earliest stages in the production of any new polyp must necessarily take place within the 
soft tissues of the parent, the study of these should yield results of fundamental importance. 

So far as the species of corals under observation are concerned, all the methods of asexual 
polypal reproduction can be reduced to two types, which result in very different morphological 

a Aggregated Colonies in Madrejioniruin ("orals.” Amer. Nat., vol. xxxvi, lt*02. 
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conditions. I recognize vegetative growth only by hud dim] and by fissioiu The differences 
manifested within each division are mainly such as are dependent upon the position and method 
according to which the process takes place, and these do not in any way modify the essential 
distinctions between the two types. 

When studying the mesenteries of adult polyps, two great divisions were determinable. 
In one section, including the genera OrhicciJa % SoJeuastnva, Oculina , Cladocora* Axtmnyia, 
Jdij/llunijia. and Sid<rustr&<(, the mesenteries of all the polyps in a colony were found to be 
arranged according to the regular, hexameral, cyclic plan, with two pairs of directives; while in 
the other section, embracing the genera Faria , Dichocwnia* hophylJia , Mauic/na^ Mseandrina, 
and (\oljHtphyUia , the mesenteries have lost their hexameral cyclic regularity, including the 
directives, and little more than a distinction into complete and incomplete pairs can be established. 
It was further found that the first-mentioned group comprises genera whose asexual growth is by 
gemmation, while lissiparity is characteristic of the latter. In whatever position the buds are 
produced, whether on the disk, upper part of column wall, intercalary, marginal, apical, 
cmnosarcal, or stolonic. matters not; the polyps retain a hexameral disposition of the organs. 
Also, whether the products of fission assume an individuality, or remain as constituents of a 
complicated system, makes little difference as regards the irregularity of the arrangement of the 
mesenteries, tentacles, and septa. 

This fundamental difference in the adult polyps of the two groups seems to be determined 
by the fact that in gemmation the polyp as a whole is formed practically as a new individual, 
whereas, in lissiparity, some parts at least of the essential organs of the new polyp are obtained 
fully formed from a parent polyp. In the one case the polyp as a whole is free to develop 
according to a definite plan characteristic of the species, while in the other new organs are to be 
added and adapted to parts already formed, and tissiparitv mav again take place before any 
second regularity has been established. Growth in the one is altogether new, and in the other 
it is patchwork—some regions new, some regions old. 

It has not been possible to determine whether in every ease of gemination the mesenteries are 
formed wholly independent of those of the parent. In some instances they certainly are, and in 
others it seems very probable. In very young buds the mesenteries are already found to be 
wholly cut off' from those of adjacent polyps, and the bud is free to develop as symmetrically 
as any sexually-produced polyp. 

Either one or the other method of growth is in the main characteristic of any species; 
sometimes a ease of simple lissiparity may be found in a species where gemmation prevails," as in 
Mad re pom and I Writes, but the converse has never been found—that is, the production of buds 
where lissiparity is the rule. 

Intermediate stages are not wanting which seem to indicate how the passage from the one mode 
of colonial growth to the other has been brought about. In corals like Gladocora and OcuUna 
the buds usually arise toward the upper extremity of the column wall, and it is easy to understand 
how gemmation may overstep, as it were, the usual boundary and occur on the diseal wall. Such 
apparently happens, for occasionally polyps of G . arhuacxda and O. diffusa, are found in which 
two oral apertures are inclosed within one system of tentacles, and a common column wall and 
theca occur. In such cases the two polyps may he equal, or one may be larger than the 
other. Microscopic examination of these shows that the normal hexameral regularity of one of 
the polyps, along with the presence of two pairs of directives, has in no way been disturbed, and 
the other polyp is either perfectly hexameral, or evidently on the way to become so. Such double 
polyps can certainty not be regarded as fission products, at any rate not according to the plan 
followed where lissiparity prevails. They seem best understood as diseal buds, or as examples 
of tissiparous gemmation (see foot-note). 

It is but one step from discal budding to oral fission, or perhaps the conception may be 

“The occasional instances of simple fission in corals reproducing bv gemmation have since been found to be a 
modified form of budding, which I have termed “ Fissiparous Gemmation”; the products are altogether different 
from those in ordinary fissiparous growth, being cyclical, hexamerous polyps, with two pairs of directives. This 
discovery greatly strengthens the separation between the two groups of corals. “Morphology of the Madre- 
poraria.-—IV. Fissiparous (Jemmntion.” Ann. Mag. Nat. Hist. (In press.) 
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smiplitied l»y regarding the latter as stomodieal budding; but, as already stated, the step 
involves an important morphological distinction. Although the stages in division of tin* mouth 
or stoinodauim have not been actually observed, the results to be detailed below prove conclusively 
that in fission the stomodieal wall is actually divided into two equal or unequal parts, and that 
the complete mesenteries inserted on each part go along with it, and help to form the new or 
daughter polvp. The plane of fission is entocudie, and usually at right angles to the directive 
plane and longer oral axis: hence, only one pair of directives is retained by each of the two 
primarv daughter polyps (p. 505). Were fission to proceed no further in all probability the 
mesenteries in their later growth would assume the hexameral plan, and the polyps would only 
differ from a larval or hud polyp in having but one pair of directives. In most instances, 
however, the daughter fission polyps are again subjected to fission, so that they never attain a 
truly regular cyclic character. 

The process of polvpal gemmation and tissiparity, as revealed by individual species, will 
be brieflv described. J ladrt por<u Soh'HUntrwu* and Cladocora will serve as examples of the 
former, and J tunic hut and Furut as illustrations of the latter phenomenon. 


BUDDING IN MADKEPORA. 

Madrepora is a favorable form on which to study extratentacular gemmation, in a region in 
which there is no peritheeal continuation of the mesenteries (eoenosare). The early stages are 
reproduced on PI. Ill, figs. 22-27, taken from longitudinal sections of a very young bud, a little 
below the apex of a branch. 

All the sections represented arc from the left side of the median axis of the hud, but the 
sections on the other side exhibit the same details. The right end is upper in relation to the axis 
of the branch on which the bud was situated, and the left end is lower. Fig. 22 is from the median 
dorso-vcntral plane passing through the stomodieum and the axial entoeieles. The polyp is yet 
scarcely raised above the general surface of the ecenosare; the ridges above and below (right 
and left in figure) probably indicate the commencement of the axial ontoeielic tentateles, and the 
included depression the central part of the oral disk. Compared with that of the colony 
generally, no histological difference is yet presented by the outer ectoderm. Communication 
between the exterior and the superficial canal system has just been definitely established, the 
mesogkea of the eoenosare passing directly into that of the stomodieal wall. The stomodaml 
walls hang freely within a superficial longitudinal canal, differing in no important respect from the 
others around; but as the sections are taken in a longitudinal direction, the canals appear much 
longer than in the ease of transverse sections (PI. I. figs. 2-0). The endoderm of the canal has 
undergone a marked alteration from that lining the canals and gastric cavity of the polyps. It 
is broader, more strongly ciliated, non-vacuolated, and zooxanthelhv are practically absent, though 
present in the surrounding canals; long, narrow, supporting cells, with abundant protoplasmic 
contents, are the chief constituents. As best shown in tigs. 23 and 24, the endoderm of the canal 
becomes thinner and more normal toward the periphery of the chamber; the inner and outer 
layers ectoderm and endoderm—of the stomodieal walls are histologically alike. 

The stomodieal wall for a few sections beyond that represented in fig. 22 appears as a 
projection from the superficial wall of the colony, hanging freely within the canal; the periphery 
of the projection exhibits four vertical inesogheal strands, connected with a lower transverse 
strand. Later, as shown in fig. 23, three central cavities appear and separate the ridges into 
four distinct components. The lower transverse connecting strand is the horizontal continuation 
of the stomodieal wall, and the vertical strands represent the mesenteries, not yet separated from 
one another. The stomodieal wall is continued, as it were, along the free edges of the mesenteries, 
as often happens in adult polyps. In the next section, fig. 24, the upper and lower (right 
and left) projections have become free, but the two inner are still united by the stomodieal 
prolongation. 

The two inner mesenteries afterwards, fig. 25, become free, and now the uppermost of 
the four is united with the boundary layer of the canal, and in the later sections ceases to exist. 
Immediately below the uppermost mesentery is a slight projection of the camosarcal endoderm 
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surrounding a mcsoglmal axis, which represents a rudimentary mesentery; and a few sections 
beyond, another rudimentary mesentery is revealed. Thus the six mesenteries of one side of 
the adult polyp of J[<uh\pora are accounted for, four large and two small. The upper and 
lowermost of the four complete mesenteries now begin to diminish in size, and in tig. 2t> 
have disappeared at tin* place at which the skeletotrophic layer of the canal is united with the 
ecenosarc; the uppermost of the two rudimentary mesenteries has likewise passed away. 
There now remain only the two middle mesenteries of the larger four, and the lower of the 
rudimentary two, and of the former, the upper is much larger than the lower. The difference 
is more marked in fig. 27, where the lower mesentery is disappearing, ‘again at the union 
of the skeletotrophic layer with the superficial wall; the rudimentary mesentery has already 
disappeared. A little later, the remaining mesentery has united with the skeletotrophic layer, 
and is soon lost in sections beyond. 

Fhe series of sections illustrates, in the clearest manner, that buds of J [adrepora arise 
along the superficial wall of a simple external canal, independently of any structural connection 
with the other polyps, though in communication with them by means of the canal system. The 
six pairs of mesenteries are fully established before the tentacles appear, and the septa are as 
yet wholly unrepresented. The rudimentary stage of the bud as a whole would indicate that 
very little time elapses between the development of the different pairs of mesenteries, if, 
indeed, they do not appear simultaneously. Four of the pairs of mesenteries unite early with 
the stomodauun, probably originating along with it; the two remaining pairs are independent 
of the stomodaeum throughout. The complete and incomplete nature of the mesenteries thus 
early indicated is retained in the adult polyp; for a short distance the four larger complete 
mesenteries are already united with the skeletotrophic tissues, but the others have a free course 
from beginning to end. 

The musculature at this stage is too rudimentary to afford any assistance in determining 
which are the directive mesenteries. But comparing the arrangement with that in transverse 
sections of Madrrpnra (PI. 1), there can be no doubt that the four pairs of mesenteries inserted 
on the stomodauun represent the eight complete mesenteries, which in the adult extend along the 
stomodauun, and that the two pairs of rudimentary mesenteries correspond with the free pairs, 
Y and VI, of the adult. The outer mesenteries, right and left, will he the directives III and IV, 
and the two inner pairs, I and 11, will be the first and second bilateral pairs. The right end of 
the sections being upper or axial, and the left end lower or abaxial, in relation to the colony, it 
is clear that the axial-abaxial relations of the complete and incomplete mesenteries are exactly 
as in an adult polyp. 

Each of the complete mesenteries, on becoming free from the stomodauun, is somewhat 
club-shaped in section, but no sharp distinction yet exists between the filamental portion 
and the epithelium along each face. or. indeed, from the endoderm of the outer wall generally. 
On PI. II, tig. 20, is represented the mesentery from another hud, at a somewhat later stage, 
showing the early development of the filament. The terminal region stains a little more 
deeplv than the lateral, owing to the greater closeness of the cells, and consequent greater 
number of nuclei, but the tissue passes into that of the mesenterial endoderm by an insensible 
gradation. The gland cells and nematoblasts, characteristic of the adult filament, are not yet 
distinguishable. 

The strong eiliation of the whole endoderm in the bud, in the earliest stages of development, 
is probably to be associated with the greater need of bringing an extra supply of nutrient fluid 
to the rapidly growing parts, while as yet the polyp is unable to take in food for itself through 
the oral aperture. It is only later, when direct communication with the exterior has been 
established for some time, that the different poly pal functions become more restricted to special 
regions, and these exhibit corresponding histological modifications. 

The subsequent development of the J [adnpora bud takes place by an upward growth beyond 
the general surface of the colony. In radial polyps the lower (suleular) region grows more 
rapidly than the upper (sulcur), so that the former comes to lie outside and the hitter on the 
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inside in regard to the axis of the I mini'll. In this way the axial and abaxial relations are 
established. 

Dr. (i. 11. Fowler (lss7, p. 12) lias contributed some brief notes upon the budding of 
J Imh'tpnra as)>mf (Dana), founded upon an examination of the soft tissues of the developing 
polvps at the apex of the branches, while (1. von Koch, in his paper k ‘ Die ungeschleehtliehe 
Yermehrnng (Knospung and Stockbildung) von Madrepora," 181*3, has made an important 
studv of the same subject, but more particularly with regard to the skeleton. The short account 
of Fowler indicates that the stoinodannn is invaginated to a considerable depth into the future 
polyp cavity before it is perforated, and also apparently before any mesenteries arise. The tirst 
mesenteries, already bearing filaments, are formed from the walls of the canals, apparently 
independently of the rest of the polyp, the connection with the stomodamm being established 
later. The process of gemmation in Fowler's species is thus altogether different from that 
in the West Indian 3Ia<h\pora. 

Many attempts have been made to obtain the early stages in the gemination of /b>vA.y, 
but without any material results. Sections through polyps with six or eight tentacles show a 
corresponding number of complete mesenteries, but the remaining members necessary to 
make up the normal six pairs are also present, though not developed to the same degree as 
in older polvps. It may be that in Porit<s, as in Madrepora, the full complement of twelve 
protocnemes is produced at a very early stage and before the tentacles make their appearance. 

BUDDING IX SOLKXASTR.EA. 

Among Astrrean eolonies, such as OrhiceUa and Soleiutstr&tt* new polyps may be either 
intercalary or marginal in origin. l>v means of the latter the colony spreads* laterally, while the 
intercalary buds serve to occupy the larger .superficial area as the colony rises in height. 

The earliest marginal buds observable in colonies of Solenart rwa are already separated from 
adjacent polyps oil the inner side by an external groove, while the outer side, forming the 
periphery of the colony, is necessarily independent of other polyps. Sections made through one 
of these marginal buds, preserved in the expanded condition, reveal at different levels the details 
represented on PI. XII, tigs. S(>-i)0. 

Through the transparent tissues eight perfect mesenteries were seen to be already developed, 
but no tentacles were yet apparent. Fig. 8<i is from a transverse section through the free 
stomodmal region of the column wall. All the protocnemes are present, but only the eight 
Edwardsian mesenteries are yet complete, while in the exocode on each side of the dorsal 
directives the rudiments of a pair of second-cycle mesenteries (A. A) are visible. 

The section represented in tig. 87 reveals the conditions at the level at which the bud is 
connected with the mother polyp on the inner side, but is free on its outer aspect: from the 
arrangement of the mesenteries the outer side is seen to be the sulcar or ventral aspect, and the 
inner the sulcular or dorsal border. The eight Edwardsian mesenteries alone bear mesenterial 
filaments, and the retractor muscles are sufficiently well developed to enable the pairs of directives 
to be determined. The pairs of metacnemes within the sulculo-lateral exocudes are better 
developed than in the previous figure, and another pair (B) has appeared in the left middle lateral 
exocade, but the corresponding pair on the right side is undeveloped, and at this stage mesentery 
Y has nearlv disappeared on the same side. The boundary wall between the bud and the fully 
developed polyp is perforated in a number of places, and by this means communication between 
the gastro-codoinic cavity of each is permitted. The portions of the skeleton of the adult polyp, 
added on the upper part of the section, represent the exsert septa, the polyp being in an expanded 
condition; the entocoelic septa are large and the exoccelie small. No continuity between the 
mesenteries of the bud of the adult polyp are represented in this* or any of the sections. To the 
right, at the angle between the wall of the bud and the adjacent polyp, are the first indications of 
another bud. 

Fig. 88 is taken from the region of the polyp wholly embedded in the eorallum. except for 
a limited area on the right upper side; the bud polyp is now entirely separated from that 
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adjacent. On the right upper .side of the directive axis the fifth and sixth protocnemes, 
incomplete from the beginning, have now disappeared, as is also the case with the pair of 
metaenemes on the same side. Mesenterial filaments are no longer present on the dorsal directives 
(IV. IV), and the pair of metaenemes has also disappeared from the middle exoceele on the left 
side, but the dorsal pair (A), though very feeble, still persists. 

The arrangement of the septal ingrowths, present as yet only on the left lower side, is very 
instructive. The largest occur within the entoecele of the pairs of directives; two are found 
between the left dorsal mesentery and the mesentery of the first bilateral pair (IY-II); two 
between this last mesentery and the mesentery of the second bilateral pair (1I-I), while only one 
appears between this and the left ventral directive (1—III). Three of the septal invaginations 
are exoocelie. the exoceele of the dorso-lateral pair of protocnemes (11. V) is provided with one, 
but the septum of the exoceele of the ventro-lateral pair (I. VI) is as yet undeveloped. The 
entoecele of the persistent pair of metaenemes (A) also contains an invagination. 

In the section from a still lower region, represented in fig. 89, fully developed filaments 
are retained only on the first three bilateral pairs of protocnemes. Only nine mesenteries are 
present, the mesentery remaining in addition to the Edwardsian mesenteries is the fifth member 
of the left side. A septum occupies each chamber between any two mesenteries, whether the 
two constitute a pair or not; the septum in the entoecele of the left dorso-lateral pair is small, 
and soon disappears along with mesentery \ . The skeletal fragments within the middle of the 
gastro-ccelomie cavity represent the first appearance of the coluinellar projections. 

In fig. 90 only mere traces of six of the mesenteries persist, the first pair being the strongest; 
the number of septa is also six, corresponding with the number of mesenteries. With one 
exception the septa are all united in the middle, otherwise the gastro-ccelomie cavity is divided 
into as many separate chambers as there are septa. 

Another bud of about the same age presents a different condition with regard to the 
appearance of the tirst two pairs of metaenemes from that just described (tig. $2). The 
protocnemes are at the is!7?ra/vfa/rt-stage, and within each of the median lateral exocceles are the 
rudiments of a bilateral pair of metaenemes (A, A), which are somewhat better developed in 
sections below the stomoebeum. 

The tentacles in the bud have already appeared, and exhibit an interesting stage. Fig. 83 
is taken from a slightly oblique section, the upper half through the free portion of the tentacles, 
and the lower through their attachment to the periphery of the disk. The polyp was expanded 
to such a degree that the peristome projected in a cone-like manner beyond the zone of tentacles, 
and, as seen in the middle of the section, the Edwardsian mesentaries extend as far as the 
stomoda?al walls. Ten of the tentacles show a regular alternation of large and small members, 
and, superposing the section on that in tig. 82, the tentacles arising from the entocceles are seen 
to be the larger, and those from the exocceles* the smaller. In place of the single median lateral 
prototentacle on each side are three tentacles, as yet incompletely formed. These will be found 
to correspond in position with the incipient pair of metaenemes in the median lateral exocceles, 
and serve to establish that the metatentacles arise practically simultaneously with the metaenemes, 
an entoeodic* and an exoeadie member together. 

A third bud. somewhat older than either of the two described, was also studied, and the 
details of its lower region are represented on PI. Nil I. tig. 91. The upper right side is the border 
toward the centre of the colony, and the lower left side is the outer aspect. The relationships of 
the mesenteries, as before, show the inner border to be the sulcnlar aspect, and the outer border 
the sulcar. In the stomodaail area six pairs of protocnemes and six pairs of metaenemes occur, 
and of the former all the pairs are complete on one side, but the members of the fifth and sixth 
pairs are incomplete on the other side. 

In the region represented onlv four pairs of the metaenemes occur, the two pairs on the 
upper left side having disappeared some distance.above. Mesenterial filaments occur on the 
Edwardsian mesenteries, but not on the fifth and sixth bilateral pairs; and septal invaginations, 
both entocadic and exoeadie, appear within practically all the mesenterial spaces. 

The lower sections demonstrate the same relation as in the previous bud, namely, that as the 
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mesenteries disappear, so do the corresponding septal invaginations; the lnetarnemes disappear 
first in unilateral pairs, the protocnomes in Inlateral pairs. In the anterior part of the section is 
seen the beginning of another polyp. 

Two somewhat older buds sect ionized presented the following conditions; In one only ten 
pairs of mesenteries were developed, five complete and five incomplete, in regular alternation; in 
the other eleven pairs occurred, six complete and five incomplete. 

The results thus briefly indicated may be. summarized: 

(1) The polyps of So/< tHtstrxa. produced asexnally by gemination, pass through the Edwardsia- 
stage of mesenterial development, in which four pairs of the protocnomes are complete and two 
pairs incomplete, just as in larval polyps. 

(2) The metacnemes begin to make their appearance before this stage is passed over, that is, 
before the union of the lifth and sixth pairs of protoenemes with the stomodamm takes place. 

(S) The tirst metacnemes appear along the poly pal wall, at about the level of the inner termi¬ 
nation of the stomodamm. as isoeneinie pairs within the dorsal or suleular primary exoeceles, but 
in one case within the median lateral exocteles. 

(4) In relation to the colony as a whole the dorsal or suleular side is inner (axial), and the 
ventral or sulcar outer (abaxial). The succession of the metacnemes is therefore dorso-veutral, 
antero-posterior, or from the axial to the abaxial side of the bud. 

(5) The mesenterial filaments and mesenteries disappear below inversely as the order of their 
development: first, the metacnemes in unilateral pairs, then the protoenemes in bilateral pairs. 

(6) In the same transverse section the growth on one side of a polyp may be .slightly in 
advance of the growth on the other side. 

(7) The metasepta and metatentaeles, both ontoccelio and exoeoelic, arise practically jxiri 
paasxi with the mesenteries. 

BUDDING IN CLADOOORA. 

The young buds in Chtdocont <trhu*cu1a generally occur singly toward the upper part of the 
column wall of the terminal polyp of the sub-colonies. What seems to be discal budding haS also 
been found to take place, when both the parent and daughter polyps are surrounded by a con¬ 
tinuous system of tentacles and a single column wall; but the extvatentaeular buds seem rarely to 
arise above the level of the eorallite. The reproductive power of any polyp is very limited, for 
as a rule uot more than three or four polyps are connected in a sub-colony, and among these is 
rarely more than oik* immature example. Each polyp in its turn may give rise to buds, either 
before or after becoming distinct from the rest of the sub-colony. At a very early stage the 
growth of the lower abaxial aspect of the bud is in advance of the upper or axial aspect, thus 
giving rise to the obliquity of the polyps to one another. 

Numerous extratentaeulav buds of slightly different sizes have been studied, and in most 
specimens eight complete and four incomplete mesenteries are already present, their arrangement 
and musculature agreeing with that of the protoenemes in larva? of the same stage. In one 
ease the fifth and sixth developmental pairs were absent, and. following the sections downward, 
only four mesenteries were present a short distance below the stomodamm; then two of these 
disappeared: the two remaining, which represented the first developmental pair of mesenteries, 
were continued much farther, and bore mesenterial filaments almost to their termination. At 
this early stage none of the mesenteries were in any way connected with the extrathecal continu¬ 
ations of the mesenteries of the parent polyp, so that evidently the buds arise on the column 
wall quite independently of any of the other organs of the parent, as happens in Madrepora, and 
as appears to be also the case in Sol enavt twit. 

PI. Ylll. fig. C>1, represents a transverse section through a bud in which two pairs of metae- 
nemes have appeared, in addition to the six pairs of protoenemes. Owing to the difference of 
level at which the corresponding details occur on the inner and outer surface, as a result of the 
obliquity of growth, it is usually impossible to obtain all that is desired in one section: the figure 
is therefore a combination of the inner and outer regions of sections at sliglitly different levels. 
Above the bud is a portion of the edge-zone of an adjacent polyp. 
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The sulco-sulcular axis is a little to the side of the axial-abaxial plane. Only the eight 
Edwardsian mesenteries bear mesenterial filaments, and these alone are eomplete. A pair of 
metaenemes (A) have made their appearance in the exocude on eaeh side of the sulcar directives: 
they are feebly developed, and extend for only a few sections below the termination of the 
stomodamni. The three septa two entosepta and one exoseptum— already developed at the 
upper side of the bud are seen to be continuations of the costa* of the adjacent polyp. 

Fig. G '1 is taken from a bud at a somewhat later stage, preserved in a partly expanded con¬ 
dition, so that sections could be obtained almost independently of the skeleton. The specimen is 
exceptional in that only five pairs of protoenemes are present, instead of the usual six. The 
directives lie in the axial-abaxial plane, and development is most forward on the outer ahaxial 
aspect of the bud. Five alternating pairs of mesenteries, belonging to the second cycle, have 
made their appearance within the primary exoeudes, and the pairs exhibit a progressive order of 
development from one aspect of the polyp to the other: the two lower pairs are the largest, the 
musculature is well developed, and mesenterial filaments occur at their free edge; the middle pairs 
are smaller and without any trace of filaments, while the uppermost pair is quite rudimentary. 
Sections through five exsert septa are shown at the lower border, and are both entocudie and 
exoeudic. 

The section is of interest as indicating the tendency to irregularities in the early formation 
of the bud, but more particularly as exhibiting the progressive development of the metaenemes 
and their filaments from one side of the polyp toward the opposite side, and the appearance 
of both entocfelic and exoeudic septa in connection with the metaenemes, jwrt jw#su with the 
growth of the latter. 

The section represented in fig. Go is through the protruding cone-like disk of a fully expanded 
young polyp, and is of importance as showing that the fifth developmental pair of protoenemes 
may become complete in advance of the sixth pair. On the left side is seen the outwardly 
reflected lower edge of the stomodamni passing along the three lateral mesenteries, and the 
ectoderm of the stomodamni has assumed a very symmetrical form. Below the stomodamni the six 
pairs of protoenemes are equally developed, and the six pairs of the first cycle of metaenemes 
have also made their appearance. 

Extratentaeular gemmation in Chfdocom proceeds therefore exactly as in Solemtstt'cva* 
except in the one important fact, the metaenemie succession is reversed. In the hitter it is 
from the dorsal to the ventral surface, while in the former it proceeds from the ventral to the 
dorsal. However, before this exceptional sequence in Chtdocont can be regarded as established, 
it will be necessary to confirm it on polyps arising directly from larva*. 

Transverse sections were made through a double polyp of Cladorom* that is. one where two 
oral apertures are surrounded by only a single system of tentacles and the two polyps have 
only a common column wall. One polyp was normally hexamerous, having two orders of 
mesenteries, not much differentiated in size, and including two pairs of directives; it ditiers in 
no essential respect from a normal simple polyp. A small polyp to the left is evidently a bud 
which has arisen on the diseal wall of an older polyp, and as yet is imperfectly developed, 
having only seven pairs of mesenteries, including one pair of directives. In the stomodieal 
region four of the pairs are complete and two incomplete. 

If tin* sections be compared with those, of the fission polyps of M&ttndrtna and Faria (p. 505, 
ct.fief/.) most important distinctions are at once manifest. In the two latter a normally hexamerous 
polyp has become divided through the stomodauun into practically equal halves, each half 
having only a single pair of directives, while in (ludncom a new polyp is growing by the 
side of another, which still retains the primary arrangement of the mesenteries, including two 
pairs of directives/' 

FISSION IN MANICINA. 

Manieimt nnolata is one of the most favorable corals on which to study the process of 
continuous fission, on account of the readiness with which small colonies provided with only a 

"The morphological significance of such double polyps in Chulocom and other corals has since been fully dis¬ 
cussed in a paper on “ Kissi parous Gemmation/' See foot-note, p. 49<». 
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Fid. 13 (a-r) 


Mnnirinn nrtolata.— Figs. 13. .Series of diagrammatic figures illustrating the mesenterial sequence in larvae and larval polyps. «, b are taken 
from H. V. Wilson’? (lvss> account of the development of this species, a. Stage with two pairs of protocnemos, one pair of which is 
united with the stomodieum {rf. Wilson’s fig. isj. b. Stage with three pair* of protocnemes, two pairs united with the stomodieum {rf. 
Wilson’s fig. 27). c , Stage with four pairs* of protocnemes ( rf. PI. xix, fig. 13-1 \. d, Edwardsia-a tage. The larva is now fixed and remains 
at this stage for a considerable time, during which the six eutnmdie septa are developed, and also the two cycles of tentacles {cf 
PI. xix. fig. 1351. r, Stage with six pairs of protocnemes. all united with the <*tomodteutn, and the first cycle of inetaenemes. 
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Fig. 13 (f, o). 

Maviohm arcolata .—Mesenterial development in larval polyps continued. /, Seven pairs of metaenemes of the second cycle have now 
appeared, r/, Stage with second cycle of twelve pairs of metaenemes complete. The young polyps now very rarely exhibit perfect 
regularity, the development being more advanced in some regions than in others. The members of the first cycle of metaenemes at 
this stage begin to unite with the stumodseum. 
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few oral apertures, and of a size .suitable for sta tions, can be obtained. 11. V. Wilson (18S8) 
lias traced the development of the primary mesenteries in the larva* of this species, from the 
first to tiu* sixth pairs, and has also shown that in young polyps, provided with only oik* oral 
aperture, the mesenteries an* arranged in three hcxanierous cycles. The lirst cycle comprises 
twelve pairs of complete mesenteries, two pairs of which are directives; the second cycle also 
contains twelve alternating pairs; and tin* third twenty-four. At this early stage the polyps of 
J htnicinit therefore correspond exactly, so far as regards tin* mesenterial arrangement, with 
any normal hexactinian Madreponirian or Aetiniarian polyp. The. diagrammatic figures on pp. 
503, .*>04 represent most of tin* stages in the appearance of the mesenteries of M<tnichut. 'Fin* 
earlier sequences have been already described (p. 450), so that attention need be directed only 
to the later stages, which illustrate the phenomena of tissiparity. In Kingston Harbor young 
polyps of J/. (n't'olata* with the disk bearing only one, two, or four oral apertures, are not 
infrequently found, fixed to older colonies of the same species, or to other corals or small 
pebbles. 



Fig, 14a. 

Manicina arrolnta,— Figs. 14, Diagrammatic figures illustrating fission, a. Polyp with two oral apertures, twelve pairs of complete mesente¬ 
ries (1, II). twelve alternating secoml-cycle pairs (111), twenty-four third-cycle pairs, and a few members of a fourth cycle. Associated 
with each stomodseum are six pairs of mesenteries, three pairs of which are protocnemes, a pair of directives being at opposite 
extremities. The plane of fission is within the entocaele of the middle pair of complete mesenteries on each side. 

Fig. 14^/ represents the conditions in a transverse section of 2Lan!e!mt through the 
stonuxheal region of a polyp with two oral apertures. Tilt* twelve pairs of complete mesenteries, 
including the two pairs of directives, represent the first and second cycles of tig. 13//, and comprise 
two alternating orders, primary and secondary, each of six mesenterial pairs; the twelve pairs 
of large incomplete mesenteries constitute the third order, the twenty-four next in size a fourth 
order, while here and there, at regions of most forward growth, occur rudimentary pairs, 
which are the first indications of a fifth order. The originally simple stonnxheum has become 
divided into two, and half the complete mesenteries of the primary polyp are now associated 
with each stomodieum. The plane of fission passes through the entoccele of the middle lateral 
pair of complete mesenteries on each side, and a single pair of directives at the opposite 
extremities of the polyp remains attached to each stomodamm. The plane of fission is thus at 
right angles to the directive plane, which is also the plane including the longer oral axis of the 
simple polyp. 
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Were the separation of the disk and eolimni wall to he eompleted at this stage, across the plane 
of fission, it is clear that two similar daughter polyps would be produced. In each ease one 
moiety of the middle mesenterial pair of one side would form with the corresponding mesentery 
from the other side a pair, attached to the side of the stomodraum opposite the directives. But 
the longitudinal muscles of the two mesenteries in each pair would be arranged so as to face one 
another, instead of turning from one another, as in the case of the directives; in other words, 
the complete mesenteries of caeh polyp would include only one pair of directives, and five pairs 
in which the retractor muscles are vis-a-vis. The six pairs of complete mesenteries attached to 
each stomodaHim would then constitute a first cycle, the six large alternating pairs a second, the 
twelve next a third eyele. and the odd pairs would represent the commencement of a fourth 
cycle. 

The almost perfect regularity in the number, arrangement, and extent of development of the 
mesenteries found in the above example appears to be rather exceptional, for other specimens 
of : seetionized reveal many irregularities. Fig. 14/> rep resents the mesenterial arrange¬ 

ment in a seeond polyp, also bearing two oral apertures. The details are those presented by a 
single section toward the lower termination of eaeh stomodaHim. The hexameral regularity has 
been altogether lost, or perhaps was never reached. But here again the plane of fission passes 
through the entoecele of two opposite pairs of complete mesenteries, at right angles to the direc- 



Fig 14 b. 

Manic ina artolala .—Another polyp with two oral apertures. The mesenteries have entirely lost their hexameral eyclic regularity, and 
of the protocnemes only the directives at opposite ends can be determined with certainty. 

five plane, and one of the two pairs of primary directives is found at each extremity. More than 
six pairs of complete mesenteries are united with eaeh stomodanini. and only in two or three 
regions of the poly pa l wall an* any members of the second and third cycles developed; the hex¬ 
ameral cyclic plan will be entirely laekmg in the daughter polyps as in the original, and two 
or more complete mesenterial pairs may occur in succession, without any alternating incomplete 
members. In the sections higher than the one represented other pairs of small mesenteries 
occur, but do not in any way assist towards the production of the hexameral regularity. At the 
left end of the polyp two single large mesenteries occur, without any corresponding member to 
complete the pairs; higher sections demonstrate that one moiety has simply disappeared in 
advance of the other. 

In a third bi-oral polyp studied the alternation of first, second, and third cycles of mesen¬ 
teries was a little more regular than in the last example, but was by no means perfect all round; 
one stomodaHim was provided with six pairs of complete, mesenteries, while to the other eight 
pairs were attached. 

Young polyps of J Iantetna with three oral apertures are not so plentiful as specimens with 
two or four apertures. It seems not unlikely that after the first division into two, eaeh stomo- 
daum is again divided at about the same time, and thus the stage with three apertures would 
rarely occur. 
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FIlt- IT* is u diagrammatic representation of the mesenteries* in a Mtmirhm colony with four 
oral apertures. The longer axis of any one stomochvmn is now in a different plane from that of 
others, and the two primary pairs of directives are widely separated, but still situated at the 
opposite extremities of the colony; the two middle stomodjea have no directive mesenteries 
inserted on their walls. The plane of separation of each stomodical system with one exception 
passes through two entoceeles. The rule holds so far as the divisions on the lower side are 
concerned, lnit on the left upper side the division plane is exoeeelic, a condition which is 
probably to be regarded as an individual irregularity. 

The number of mesenteries connected with each stomodamm is inconstant; the stomodieum 
at the right extremity bears twelve, the next fourteen, the third twelve, while that at the left 
end has seventeen. The alternating incomplete pairs are still more irregular. In one or two 
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Fig. lie. 

Manic in a arcolata .—Polyp with four oral apertures. The mesenteries exhibit a tendency to an arrangement in alternate complete and 
incomplete pairs. The regions of most vigorous growth are at the opposite ends, where also the primary directives are still situated 
The fission planes are entoccelic, except for the irregularity at the upper left hand corner. 

cases they arc wholly absent from the exocude between two pairs of complete mesenteries; in 
many others only one pair occurs; while in a few chambers two or three pairs, representing the 
second and third cycles, are developed. As in the previous figure, the tendency in the older 
regions is toward a system of alternating incomplete and complete pairs, and onlj r at places of 
most forward growth are the third and fourth cycles represented. The incomplete mesenteries 
further exhibit great variation in the extent of development at one and the same level; some 
pairs are nearly as large as the complete mesenteries, while others are rudimentary. The 
variability is such as to indicate that when the members of the younger orders increase in size 
they ina}" ultimately unite with the stomochvunn and newer pairs appear in their exocndes. 
Under such circumstances it is scarcely possible to determine a cyclical plan. 
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The phenomena presented by the early divisions of 2ranicina clearly prove that fission actually 
takes place in a plane at right angles to the long axis of the mouth and stomodamm; otherwise 
the regular distribution to each daughter stomocheuni of six complete pairs of mesenteries, 
derived from the primary twelve pairs, with one pair of directives only at opposite extremities, 
would be inconceivable. Although among the many living colonies which have been examined, 
examples in which the oral aperture or stomodamm was in the actual process of division have 
not been observed, yet frequently two small mouths are found in close proximity, suggesting 
that they have arisen from the splitting of a single larger aperture. 

The later divisions in 3r<nuein<t reveal that the fission of the stomodamm. along with its 
associated mesenteries, is not always median, or results in the production of equal halves. 
Sometimes in living polyps a very small aperture will be found, as if cut off from a larger, and 
only a few mesenteries are associated with it compared with the number united with the latter. 


FISSION IN FA VIA. 


lun'ia fnujum occurs in some abundance on the reefs throughout the West Indies, forming 
small, convex, hemispheroidal or irregular colonies, usually four to five centimeters in diameter. 





Faria fragum. —Figs. 15. Diagrammatic figures illustrating the mesenterial sequenee ami fission in larva*, o, Larva with three pairs of 
protoenemes, of which only one pair is complete (cj. PI. XIV, fig. 112). b. Larva with three protocnemic pairs, of winch tw r o are 
complete (c/. PI. XV, fig. 113). e. Larva w ith five pairs of protoenemes, of which three pairs are complete and tw r o pairs incomplete 
(<*/• PI. XV, fig. 115). </, Larva at stage of fixation, with Edwardsian mesenteries complete and fifth and sixth pairs incomplete. 


New polyps are added to the colony by division of the older polyps, apparently never by bud¬ 
ding. A polyp sometimes exhibits two or three oral apertures on a single elongated or triangu- 
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lar disk, surrounded by a single, system of tentacles; and in the different polyps of any colony 
all stages can he traced in the separation of the results of tission. It is therefore a very favor¬ 
able species for the study of polypal tission. G. von Koch (LS!M>) has already described the 
process as it occurs in the corallum of tin* nearly allied species, F<tr*a e<n'< nmsa. 

Fortunately, also, in J\ frntfinn a complete series of stages illustrating the development of 
the mesenteries within the larva and young polyp is available, a series extending from the larva 
with only one pair of complete mesenteries to polyps with such a number as results in tission. 
The oldest stage reached by the mesenteries of the simple polyp is represented in tig. lay, but the 
earlier stages may be briefly noted (tigs, 15 («-/>). 

The twelve primary mesenteries are all developed at or shortly after the time of settling, 
when the larva exhibits the conditions represented in tig. 157, four pairs of mesenteries complete 
and two pairs incomplete. Free swimming larva*, extruded from mature polyps, are readily 
obtained, but can with difficulty be induced to settle, and development proceeds very slowly. 

X 



X 

Fig. 15c. 

Fai'ia fragum. _Young polyp with four pairs of metacnemes (A. A; B, B). The succession of the second-cycle mesenteries is bilateral, from 

the dorsal to the ventral aspect (cf. PI. xiv, fig. 109.) 

However, on foreign objects, such as dead coral or old shells, to which the mature colonies* are 
adherent, young polyps are sometimes found in different stages of development. These have 
grown from larva? which on extrusion settled around the parent, and it was from such larval polyps 
that the stages represented in the text figures were taken. 

Fig. 15c is from a young polyp in which four isoenemic pairs of mesenteries are present, in 
addition to the primary twelve. In the upper stomodieal region all the latter are inserted on the 
stomodieal wall, but the fifth and sixth pairs become free before the termination of the stomo- 
damm is reached, and at this place the protocnemes are in exactly the same condition as in fig. 157. 
The four pairs of new mesenteries are situated within the dorsal and middle primary exocceles 
on both sides of the polyp, and the dorsal pairs are somewhat further developed than the mid¬ 
dle pairs. 


Yol. 8—No. 7 
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Fig. 15/represents the mesenterial condition obtained from a transverse section through the 
lower part of the stomocheum of another decalcified polyp. The six protocnemic pairs are now 


X 

n tl 



r 

Fig. 15/. 

Favia fragttm .—Young polyp in which all the pairs of prntocnemes (1) are united with the stomodfemn, and the six pairs of first-cycle 

metacnemes (II) are developed. 

till complete, and six alternating pairs of metacnemes are fully established as a second cycle. 
The next figure, from a somewhat larger polyp, shows the commencement of the third cycle of 

X 
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Fig. 15<7. 

Faria fragttm .—Polyp with six pairs of second-cycle metacnemes (111). The succession is from the dorsal to the ventral aspect. 

mesenteries (fig. 15^/); its development also is proceeding by isocneinie pairs in a dovso-ventral 
or antero-posterior order. 
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The polyps of l*\n % iu growing direc tly from larva* are thus seen to follow a very definite 
set]uenee in their mesenterial growth, a sequence whieli hears the closest resemblance to tiiat 
characteristic of other larval corals which have been examined. Kaeli is provided with two 
pairs of directives, and the mesenteries are arranged in two or three radial cycles, according to 
the usual hexameral plan. It is at about the stage represented by tig. 15 g that fission is introduced. 

Two larval polyps were secured, each provided with two oral apertures, hut still sur¬ 
rounded by only one system of tentacles and a simple column wall. They thus represent the 
earliest stage in fission. At such a stage the polyps are very short, and rather irregular in form 
when preserved, so that it is practically impossible, to secure in one section the complete arrange¬ 
ment of the mesenteries around the stomodauun. The diagrammatic figures are therefore con¬ 
structed bv combining the relationships of the mesenteries in the various serial sections. In each 
polyp the stomodauun has been divided throughout its length into two distinct tubes, and a 
definite number of mesenteries is associated with each. 

The mesenterial system of one of the. double polyps is represented by lig. 167/. Compared 
with the stage in fig. 15 </ two additional pairs of mesenteries have become complete, so that four 
pairs are inserted on each stoniodanim. Instead of the two new complete pairs arising as a pair 
on each side of the directive plane, as considerations of symmetry would suggest, both are 
situated on one side of the angulated directive axis of the polyp, though from the section alone 



Fig. IGA. 


Faria Jfrwjum .—First slape of fission in a larval polyp. 


it is impossible to say which of the four pairs actually represent the additions. The members 
of the second cycle include only a single pair of mesenteries in each exocude, except in the two 
exoeudes adjacent to the right pair of directives, where third-cycle pairs are developed. 

The two polypal halves are thus nearly alike, the original single stomodanun having been 
divided practically down its middle, so that half the mesenteries are attached to each moiety. 
The plane of fission crosses the directive axis, passing through the entoctele of two lateral pairs 
of complete mesenteries on opposite sides. Growth is taking place more rapidly at the upper 
right side than elsewhere, and the pair of directives has thus been pushed to one side of the 
median plane. >o that the directive plane no longer divides the polyps into equal halves. 

Were the halves to he completely separated at this stage, it is clear that a pair of mesen¬ 
teries would be formed in each new polyp, by the approximation of a mesentery from the two 
opposite sides, the musculature in the two moieties being on the faces turned toward each 
other; an ordinary pair of mesenteries would be thus produced, and each polyp would have 
hut one pair of directives. Thus, from the beginning, an important difference in the nature of 
the mesenteries would he established between fission polyps and single polyps reared directly 
from larva?; the distinction between the orders to which the mesenteries primarily belonged 
also begins to be lo>t. 
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Fig. lt»/ represents the mesenterial plan in the second bioral polyp. In the living condition 
one oral aperture was much smaller than the other, appearing as a mere perforation in the disk, 
and sections reveal that a less number of complete mesenteries an* associated with it than with 
the larger. In the diagram the smaller stomodamm is to the left, but is represented equal 
with tin* other. In the actual transverse sections it displays eight strongly marked vertical 
ridges, corresponding with the eight mesenteries attached to its inner side, while the large 
stomodanmi bears ten. Here, again, it is seen that the plane of fission passes through the 
entonele of two opposite pairs of lateral mesenteries, and growth is proceeding more rapidly at 
one region—to the lower right—of the polyp than at another, so that the directive axis does 
not coincide with the longer diameter, but is turned toward the dorsal surface. 

Attention may now be directed to the fully developed polyps constituting a colony of Faria ^ 
in order to ascertain what are the results of fission upon these. As already remarked, the 
mature polyps are found to exhibit very varied conditions with regard to the stage of fission. 
They are rarely circular in contour, but polygonal or greatly elongated, and at times deeply 
angular; in the majority of adult polyps only one oral aperture is surrounded by a tentacular 
system, but sometimes two or three mouths occur on a single disk. 

A transverse section of a decalcified poly]) is represented on PI. XII1, fig. 93, and indicates 
much variability and irregularity in the disposition of the mesenteries, differing greatly from 



Fig. Itli. 

Favin frngutu ,—First stagre of fission in another larval polyp. 


the perfeet regularity of the early larval polyps. The organs are paired throughout, but 
no regular hexameral cyclic arrangement can be established. Different stages of growth are 
represented in different regions; in some places there is an indication of a tricyclic plan, hut 
more often only a dicyelie arrangement is manifest, and at times this is obscured by three or 
four pairs of mesenteries of equal ordinal value occurring together. 

In tin* upper part of tin* stomodivum all the mesenteries may he complete, except a pair here 
and there in process of growth, but in passing downward some pairs become free in advance of 
others, indicating that they are not all of the same ordinal value. 

The mesenterial pairs are always isocneinie, and the retractor muscles are invariably on the 
faces turned toward one another; in transverse sections of over a dozen polyps examined no 
d i rect i ves occu rred. 

Adult polyps of the genera Iso phi/11 in (p. 449), Agar id a (fig. 191), Mxandrina (tig. 141), 
('idpophyllhi^ and J>ichocaat!a (tig. 11!*) display a like irregularity of mesenterial arrangement 
and absence of directives. The actual stages in fission have not been traced in these, blit from 
their prevailing mesenterial arrangement it is manifest that the process proceeds in the same 
wav as in tin* young polyps of 2htniein<( and Faria. 

Several Actinia* also exhibit the phenomenon of fissiparity, and certain investigations have 
been made as to its influence upon the mesenteries and other organs. Dr. (h II. Parker (1899) has 
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given an account ot‘ the longitudinal fission in the common Actinian, JAY/vV/Am tiiimjhmtum 
Milne Edwards, and shows that the asexiinlly formed polyps do not reproduce all the features 
characteristic of the sexually produced individuals. In some of the specimens examined, Parker 
found that lission of the stomodjval tube was still incomplete, the organ being Y-shaped, a single 
inner end opening into the gastro-vascular cavity, and the two outer ends opening each through 
a distinct mouth on a single disk. Generally in the lission specimens each mouth was mono- 
glyphic (provided with only one gouidial groove), instead of diglyphie, as in normal forms; and 
with the monoglyphic condition was associated only one pair of directives. No evidence was 
forthcoming as to the formation of new siphonoglyps or new directives in fission polyps, while 
there were practically twice as many non-directive mesenteries in double specimens as in single 
ones. In any given case the assumed plane of division passed through either two primary 
exocudes or two entocmles, never a primary entoco.de on one side and a primary exoecele on the 
other. The production of regular hexamerous diglyphie specimens by non-sexual methods was 
not observed: such specimens were found to number about one-fifth of the total eolleeted, and 
are with good reason assumed to be the products of sexual reproduction. 

The West Indian stichodactylinous anemones, Acthiotrys met i-That use Dueh. and Mieh., 
and litcorrfea jforirfa Dueh. and Mieh.. alsc> reproduce by discal fission, and frequently more than 
one oral aperture is present within a single tentacular zone. In the latter species as many as 
seven mouths have been found on a single disk, thus recalling such a coral form as JIanlehui. 
Professor McMurrieh's (1SN1W) anatomical studies of these two species, and also mine (10oo), have 
shown that the mesenteries in both species are irregularly arranged, and in some polyps no 
directives occur, while in others only one pair is present. 

The results on poly pal lission in corals may be thus summarized: 

1. The larval polyps of fissiparous species develop for a time like other hexamerous speeies. 
Before the introduction of fission the mesenteries are regularly arranged in two or more alter¬ 
nating hexameral cycles, and two pairs of directives are present. 

A. The first fission plane passes through the entoccele of two lateral mesenterial pairs, 
approximately at right angles to the directive plane and longer oral axis, and divides the 
stomodaaun and the mesenteries attached to it into practically equal halves, so that only one 
pair of directives is inserted on each stomodieal tube. 

3. For a time the products of simple fission continue their development according to the 
regular cyclic plan, but before long fission is repeated, and each stomodsenm and the mesenteries 
associated with it may be again divided into equal halves, or one part may be larger than the 
other. In probably every division the fission plane is included within two opposite cntocceles. 
At an early stage in the development of fission polyps growth may proeeed more rapidly at one 
region than at another, and thus introduce irregularities in the cyclic plan. 

4. Beyond the two primary pairs no new directive mesenteries are ever introduced, so that in 
any fissiparous colony, however large, only the protocnemic directives occur, situated widely 
apart, at what may be regarded as the two morphological extremities of the colony. 

With such results before one, it is clear that eare must be exercised in attempting to establish 
relationships from the absence of one or both pairs of directives in mature polyps of both corals 
and Actinians. The history of the individual polyp must be taken into account before such an 
occurrence can be regarded as a specific peculiarity. As a general rule, one would be justified 
in assuming asexual reproduction by fission for polyps with only one or no directives, especially 
if accompanied by irregularities in mesenterial growth. 

FISSION IN PORITES. 

Polyps displaying a bioral disk arc very rare on colonies of Porttes. After an examination 
of scores of living colonies of all the West Indian speeies, only a single example exhibiting this 
condition has been found, although polyps showing an increase of tentacles beyond the usual 
twelve arc by no means scarce; from these all stages in the development of the mesenteries 
beyond the primary six pairs are readily secured. These proportions present a marked contrast 
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with those of the closely allied polyps of Madrepom\ enlarged polyps are frequently found on 
colonies of J [ad report % provided with two oral apertures, and twenty-four mesenteries are 
already present at one stage or another of their development. 

For the most part, the enlarged polyps of Porites are circular in section, and any increase in 
the number of tentacles merely results in the enlargement of the polyp, without altering its out¬ 
line. The polyp with two oral apertures had, however, assumed an oval form, but the tentacles 
remained disposed in a single cycle, as in ordinary polyps. 

In a former paper (Johns Hopkins Circulars, June. 1900), and again on p. 446, it is shown 
that in Porites the increase of mesenteries beyond the protocnemie stage takes place axially, by 
the addition of bilateral pairs within either of the directive cntocoeles, and that in the end they 
constitute both isocneinie and anisocnemie pairs. In some polyps the new mesenteries are added 
within the dorsal entoccele, and in others within the ventral entoeode, but never within both 
chambers in the same polvp. All stages from the occurrence of a single pair of new mesenteries 
to six pairs have been already described. 

Serial transverse sections of the Porites polyp displaying the bioral condition were prepared, 
and by studying these at different levels the arrangement of the mesenteries represented in 




Fig. 17. 

Poritcs .—Diagram illustrating polypal fission in a bud polyp. Within the entocoele of the ventral pair of directives (111, 111) six bilateral 
pairs of mesenteries (a-/) have appeared, and the stomodseum lias been divided into two distinct tubes. The complete and incomplete 
pairs of mesenteries and the musculature are so arranged that when the two polypal halves separate, each polyp will have six pairs of 
mesenteries arranged as in ordinary polyps. 

fig. 17 has been established. Two stomodieal tubes are distinct throughout their length, and 
twelve pairs of mesenteries are present, six pairs associated with each stoinodieum and arranged 
as in a single polyp. All the additional mesenteries have been added within the ventral 
entoccele, the inclosing directives (III, 111) of which have been pushed widely apart. The figure 
should be compared with tig. 11c, on p. 47o, representing the arrangement in a polyp also with 
twelve mesenterial pairs, but in which only one stomochoal tube occurs. 

From the figure itself (tig. 17). it would be difficult to determine within which of the two 
directive entocceles the increase has taken place, or which half is primary and which half 
secondary. In the actual sections the mesenteries on the ventral aspect are closer together, and 
disappear first in passing from above downward. From the sections of the various polyps at 
intermediate stages, it is clear that polypal fission in Porites is effected only after the successive 
addition of six bilateral pairs of mesenteries, the complete and incomplete members alternating in 
such a way that the moiety of the six new pairs on one side resembles the moiety of the six primary 
on the same side. When the two fission polyps are completely separated along the axial plane, a 
pair of directives will be formed for each polyp, by the approximation of one of the members of 
the primary dorsal directives (IV) and the corresponding member of the last-formed ventral pair (/*). 
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The plane of fission coincides with the primary directive plane which passes through the 
primary dorsal and ventral directive entocmles and longer oral axis, and divides the enlarged 
poly]) into equal halves with twelve mesenteries to each; of these, six are the protoenemes and 
six are new formations. 

As the order of appearance of the mesenteries beyond the protocnemie stage in I Writes 
differs from that in other coral polyps, so its method of Iission is altogether different. In most 
corals the plane of fission is at right angles to the directive or median axis of the polyp, whereas 
in Port tea it is along the directive plane; each of the two primary daughter polyps in ordinary 
iission has only one pair of directives, but in Portie* the mesenteries are arranged exactly as 
in the larval polyp, and each fission polyp bears two pairs of directives. (See foot-note, p. 4 ( J6.) 


FISSION IN MAPREPORA. 

When describing, in a recent paper", the method of addition of new mesenteries in 
Madrepovo^ beyond the protocnemie stage, the process of fission was also noticed, so that for 
the present purpose it is only necessary to briefly reiterate the facts there brought forward. On 
examining most colonies of J fadt'tpovu with a lens, a few polyps are found which are slightly 
larger than the others, and bear more than the usual twelve tentacles, any even number from 
sixteen to twenty-four being represented. The tentacles form, however, only a single cycle, as 
in ordinary polyps (PI. I, fig. 1 /.). Such polyps seem to occur anywhere over the surface of 
a colony, wherever vigorous growth is in progress, but have not been found in the oldest parts of 
colonies, nor on the under surface of palmate colonies, where conditions of growth are not 
very favorable. 



Martrrpora. _Figs. is. Series of diagrammatic figures illustrating polypal fission and the manner of increase of the mesenteries beyond 

the protocnemie stage. Two stomodscal tubes are present from the beginning, either connected by one or two mesenterial strands 
or altogether distinct, a, Four new bilateral pairs (A-D) are present within the ventral directive entocoele. and two others connect 
the two stomoda*al tubes. 

Most of the larger polyps arc strongly oval, the longer axis being at right angles to the 
axial-abaxial plane. Out of forty or fifty enlarged polyps examined, only one or two did not 
already display two oral apertures, and of nearly thirty specimens sectionized transversely each 
1(0re two distinct stomodaml tubes. Compared with the enlarged polyps of Porih* those of 
Jlathvjtom are therefore characterized by the early production of the bioral condition. 

Transverse sections reveal that in practically every case twenty-four mesenteries—that is. 
double the number in ordinary polyps—are already developed, though in different examples they 
exhibit somewhat different relationships. Sixteen complete mesenteries occur, and the remaining 
eight are incomplete, the paired arrangement agreeing with that of simple polyps. 

a '‘The Morphology of the Madreporaria.—II. Increase of Mesenteries in Mddreporn beyond the l’rotocnemic 
Stage.” Ann. Mag. Nat. Hist., ser. 7, vol. x, 1902. 
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The different polyps studied exhibit one or another of three successive stages toward 
complete fission. These are diagrammatically represented in <igs. IS ('). The primary mesen¬ 
teries are indicated by thicker lines, and are numbered from I to VL; the new mesenteries are 
denoted by the letters A to F, no successive order in their appearance being assumed thereby. 



Fig. is b, 

Madrrpora .—Fission continued. The same number *>f mesenteries are still present within the ventral directive entocoele, and a single 
pair (E, E) occurs within the dorsal directive entoccele, while only one mesenterial strand connects the stomodsea. 

The figures reveal that new mesenteries are added in bilateral pairs, disposed axially in both the 
dorsal and ventral entoeceles. No stage in which less than twenty-four mesenteries were present 
has been found. 

Special interest attaches to the mesenteries in figs. 18'/, IS/;, which connect the two stomodoxd 



Fig. ISc. 

J/arfripora.*—Fission continued. Two mesenterial pairs (E, F) now occur within the dorsal directive entoccele, and the stomodseal tubes 
are wholly disconnected. The maerocncmes ami mieroenemes and arrangement of the musculature on the faces are such that if the 
polyp were divided into two halves along the median axis the mesenterial arrangement in each polyp would be the same as in an 
ordinary polyp with only six pairs of mesenteries, {c/. PI. I, tig. 4.) 

tubes. In fig. 18'/ two of these are present, in fig. 18/; only one, while in fig. 1 Sc the eonneetion 
has ceased altogether. In the paper already mentioned, it has been shown that these connecting 
mesenteries are a result of the practically simultaneous division of the primary stomodioum and 
the appearance of the new mesenteries. The adjacent mesenteries, situated between the two 
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stomodaail tubes, for a time retain this connection throughout the length of each stomochcum. 
Serial transverse sections indicate that later the middle portion of each connecting mesentery 
begins to grow radially across the disk, and that when it reaches the vertical column wall it 
divides into two distinct mesenteries, which constitute a bilateral pair. The division extends 
all the way from the upper to the lower termination of the stomodanil tubes, tin 1 successive stages 
in the process being easily followed. As shown by tig. 1SZ>, the dorsal connecting mesentery 
becomes divided and stretches to the column wall in advance of the ventral member. 

That no earlier stages, exhibiting a sequence in the appearance of the six pairs of new 
mesenteries, have been met with, such as are described for Poritex* seems strongly to suggest that 
the additional six pairs arise practically simultaneously, in all probability pari passu with the 
division of the primary stomodamin. In the earliest bud polyp of J Tadrepora which has been 
obtained, representing a stage before any tentacles appear, all the twelve mesenteries are already 
present, and the oral perforation appears to have been just established (p. 497). It would also 
seem that in the formation of new polyps by fission a like simultaneous development takes place, 
and thus no intermediate’ stages between the twelve and twenty-four mesenteries are to be 
expected. 

The results from the two methods of asexual reproduction in coral polyps—budding and 
fission—may be thus contrasted: 

(1) Polyps arising as buds pass through the same stages as regards the order of appearance 
of the tentacles, mesenteries, and mesenterial filaments as the larval polyps of the same species, 
and the adults of both are alike. 

(*2) Excepting Parties and J ladrcpora* polyps originating by discal fission, whether completely 
or l)iit partly separated, never wholly resemble the sexually-produced polyp. No new pairs of 
directives are formed, and the mesenteries do not assume a hexamerous or other regular cyclical 
arrangement. 

(3) Polyps of Porites and J lad re pom arising by fission resemble larval polyps in having two 
pairs of directives and four anisocnemie pairs of mesenteries. (See foot-note, p. 490.) 


SEXUAL REPRODUCTION. 

DISTRIBUTION OF GONADS. 

Although the asexual method plays such a prominent part in eoral growth, yet the pro¬ 
duction of sexual elements, for the formation of entirely new individuals, appears to be quite as 
important as in other groups of animals where sexual reproduction alone prevails. In West 
Indian waters, colonies of Faria fray am* J [anietna areolata , Siclerasfr&a radians . and Parties 
clavaria seem to be nearly always fertile, while species of J Tadrepora, Orbicella , and Cladocora 
are, as a rule, found without sexual cells. 

Several observations upon the distribution of the gonads in the Madrcporaria have been 
recorded by other writers, but, as in the Actiniaria, no general rule is apparent with regard to the 
momeeious or dioecious character of the polyps. Thus Moseley (1S8 4 2) found Sertafopora to be 
unisexual; Fowler mentions the occurrence of ova only in Mad re para durrUhi , Turbinarta , sp., 
and in Sjdtenotroehnsrubexcens. while Podllopora hrerian'nisxs monoecious. H. V. \\ ilson merely 
states that Manieina areolata is hermaphrodite. Gardiner (1900. p. 337) found all the polyps of 
Caniojmimmia which he examined to be female, without any trace of male generative cells. 

In the course of the present studies many instances of fertile polyps have occurred. A 
portion of a colony of Mxandrina labyrinth tea sectionized bore gonads on almost every 
mesentery, and in this ease ova and spermaria were closely associated. In a few instances both 
kinds of sexual cells are found on the same mesentery (PI. XX, tig. 140), but usually they are 
developed on separate mesenteries, the number of male mesenteries being greatly in excess of 
the female. The merest suggestion of an alternation of male and female mesenteries is 
manifest; thus, one member of a pair may bear spermaria and the other ova. but at other 
times two or three ova-bearing mesenteries are intercalated between a number of sperm-bearing 
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mesenteries. Four to eight spermariu may be present on a single mesentery in section; but 
the number of ova is much less, usually one or two, rarely reaching four or live. In the- 
hermaphrodite mesenteries the ova are invariably situated toward the fixed end of the 
mesentery, and the spermaria >noarer the free edge, that is. more central. 

Fa\\'la fraguat is likewise monoecious, and in this species also the two kinds of sexual cells 
may occur on the same mesentery, though more often they are on different mesenteries within 
the one polyp. In one large colony examined, the cavity of practically every polyp was erowded 
with larva?, all at the same stage of development. In addition to these the mesenteries were 
swollen with spermaria and ova, all apparently at a similar stage toward maturity—the ova 
having a large nucleus and nucleolus, and the spermaria with the tails of the spermatozoa 
al ready deve 1 oped. 

On a colony of 1 Writes cl a van'a most of the individual polyps contained several free larva?, 
again all at about the same stage of development. In this instance, ova only were present on the 
mesenteries, usually one large egg to each, and of numerous polyps examined from the same 
eolonv none bore male sexual elements. In transverse sections of a polyp of JLadrcpora pah a at a 
a single ovum occurred on three of the four lateral complete mesenteries, but not on any of the 
directive mesenteries. 

Female gonads were moderately developed in a eolonv of Isophyllla dipmeca. In transverse 
sections some of the mesenteries exhibited three or four ova, restricted in their distribution 
toward the insertion of the mesentery in the body wall. Most of the mesenteries of a polyp of 
Odncella radiata also contained ova, again situated toward their insertion in the polypal wall; 
likewise polyps of Slderastr&a sldena. In the last the ova were greatly distorted and irregular 
in form, as if adapting themselves to the very narrow interseptal loculi. 

From the above examples, it is impossible to say how far sexual differentiation has proceeded 
within Madreporarian polyps. In all instances where a unisexual character would be indicated, 
only female eells have been found, and then somewhat sparsely. Spermaria have never been 
found alone, but always in association with large numbers of ova." It may be that eoral species 
are mainly monoecious, but that ova are first developed (protogynous), and later spermaria, 
either on the same or different mesenteries. Further, the ova are, as a rule, restricted toward 
the tixed or peripheral margin of the mesentery, while in Actinia? generally they are disposed 
about the middle of the radial length of the mesentery. 

Apparently very little importance can be attached to the particular mesenteries on which 
gonads may occur, for where present in numbers they are found on practically all the mesen¬ 
teries, both complete and incomplete. In Orb led la radlata any of the mesenteries of the three 
cycles may bear ova; as shown on PI. IX, tig fi$, ova oeciu* on a small incomplete mesonteiy, 
while they are not developed on the larger complete member. In Aetinian studies the distribution 
of the gonads on particular mesenteries is considered to be of some importance for systematic 
purposes, but manifestly the production of a few sexual cells on certain mesenteries can not be 
of much significance, when in riper polyps they may possibly be found on all the organs. 

Within its lifetime a polyp mav give rise to more than one series of ripe sexual cells, for 
individuals charged with fully developed larva? also contain numbers of nearly ripe eggs, still 
within the inesogkea of the mesentery. 

Viviparity would appear to be the rule among corals, though Wilson reeords the extrusion 
of eggs and semen from J laniehau and 1 have also found this to happen in Faria. It may be 
doubted whether such occurrences take place under normal conditions, as in both instances 
highly developed larva? have also been found within the gastric cavity. Similar promiscuous 
extrusions of sexual cells are likewise found to take plaee among anemones. From R hod act Is 
sanctl-lhoma% Aulacthda steUoldes m and others unfertilized eggs and semen have been found 
to be extruded in abundance, while from both speeies mentioned larva? at an advanced stage of 
development have also been obtained. 

« Miss Pratt (1900) describes Seohelia an probably momecious, spermaria only being present. 
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From tho tYw records yet available, it is impossible to determine how fur the different 
species of eonils have any regular brooding season; such would scarcely be expected under the 
uniform conditions of temperature characteristic of tropical waters. During the month of duly 
four or live different colonies of Si<Jt rasfrma radians were collected, all having polyp* charged 
with free larva?, while other collections made at different times from the same locality never 
yielded fertile colonies. From another locality larva" of this species were secured during the 
middle of March. 

Most of the larva" to be here described were collected in the early months of the year (March, 
April); but larva" of Jlanicin'a a real at a and Far'ntfragum seem to be extruded nearly the whole 
year round, 

SPERM ARIA AND OVA. 

In their detailed structure, the spermaria and ova of corals are much like the corresponding 
elements in the Actiniaria. A mesentery bearing two spermaria, in addition to three ova, is 
represented on PI. XX, fig, 140, taken from J Fandrina. The fertile portion of the mesentery 
is greatlv swollen, and the niesoghea is thin and surrounds each ovum and spermarium as a very 
delicate sheath. The mesenterial epithelium has undergone certain modifications: toward their 
base the cells are much vacuolated, and without any recognizable protoplasmic contents. Cell 
limitations are not obvious, and the nuclei are arranged in a very definite zone toward the 
margin, along with the other protoplasmic contents of the cells. 

The spermaria are crowded with deeply-staining, spheroidal, sperm cells, each with several 
still more deeply-staining particles or nuclei. A similar stage has been figured by Professor 
Hickson for Alcyemium (1805), and also described bv Ashworth (1800) for Xenia, Occasionally 
a central cavity containing a eoagulum is already developed, and here and *there this is tilled with 
the projecting tails of the spermatozoa. Without any doubt the ova and spermaria are developed 
from the mesenterial epithelium, as in other Anthozoa, and the cells wander into the mesogloea 
and become encapsuled by it, but none of the earliest developmental stages have been found. 

The spermaria from another colony of J Iwandrina, instead of being nearly spherical, are 
narrow, and extend along the transverse length of the mesentery for some distance, and display 
constrictions, as if made up of four or five fused spermaria. 

On one occasion, ripe spermatozoa were observed in the act of extrusion from a polyp of 
Faria fragum. the process taking place by the same jerking motion as when larva" are liberated. 
Thev were of the same form as those of Actinia equina , described and figured by Lacaze-Duthicrs, 
that is, a pear-shaped head with a laterally fixed tail, 

A mesenterv bearing two large ova is represented in fig. 14b, again taken from JFandrina, 
The eggs contain a large amount of vacuolated, finely granular yolk, 1 he vacuolization is very 
uniform except peripherally, where the ovum stains more deeply, owing to the greater concen¬ 
tration of the protoplasm. In the same region deeply-staining granules arc also numerous. The 
germinal vesicle is large and homogeneous in structure, and is unaffected by carmine stains, but 
readilv takes up aniline blue. The germinal spot is usually situated close, to the margin of the 
germinal vesicle, and differs from the latter in staining intensely in borax carmine. 

White, spheroidal, unfertilized eggs were extruded singly from Faria fragum on several 
occasions, after floating around in the gastric cavity for several hours. Examined under the 
microscope, the ova underwent a great variety of irregular movements for about an hour, sending 
out lobate processes, first from one region and then rapidly from another. 

The experiences of von Koch, Wilson, Iladdon, and those here recorded render it manifest 
that the eggs in coral polyps are ripened in batches, not a few at a time, and that the larva? 
develop equally: for in all cases where larva? have been obtained from any polyp they occurred 
in numbers, and practically of the same age, while many far advanced eggs were present in 
the mesenteries preparing for another seiies. This is usually the case in the Actiniaria, but 
exceptions niav occur, as where larva? at all stages have been secured from the same polyp at one 
time. Fowler (1888, p. 13) states that the ova in Sjdunotrochus rubescens were in various stages 
of maturation. 
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LARV-E AND POSTLARVAL DEVELOPMENT. 

In all corals yet observed, the segmentation of the ovum and early stages in the development 
of the larva take plaee within the internal eavity of the polyp, and are therefore not easily 
accessible for study. The extrusion of a few eggs and semen, which sometimes oeeurs, appears 
to be fortuitous in character, and is not to be regarded as the normal method of sexual reproduc¬ 
tion. It is a little remarkable, that in the many sections of adult polyps which have been pre¬ 
pared, none of the intermediate stages between the egg and the fully developed larva have been 
secured, though fertile polyps, and others containing free advanced lame, are by no means rare. 

Probably by keeping under observation, for a lengthened period, eolonies which are known to 
lie fertile, it would be possible to secure the earlier einbryonie stages; polyps which are charged 
with advanced larva? often contain in addition nearly ripe eggs, from which another batch of lame 
might soon be expected. 

From the colonies of Manidna areolata , which II. V. Wilson had under observation for 
a period of several months, eggs, semen, and larva? in very different stages were extruded. The 
first specimens of coral poured forth eggs and semen on the 15th and 17th of March, while on the 
20th the polyps had given birth to lame a little more advanced than the planula. After this date 
only lame were ejected, their stage of development becoming much more advanced as the 
Bahama season progressed. 

Among Actinians also the lame are usually ejected in an advanced stage of development; 
but unfertilized eggs and semen are extruded from a few forms —(rtidna er<tssicornis\ J fetddium 
marghiatun , Sagartia j>aradtica , and Cert ant Inis mrnd>ranaceus\ so that different investigators 
have found it possible to follow the segmentation and early embryonic stages of these. 

Manidna <u'rolat<i is the only coral in which the segmentation and formation of the germinal 
layers has hitherto been followed. But the early stages of development, as far as the formation 
of the skeleton, seem so completely alike in the Madreporaria and Actiniarin that the fuller 
details obtainable within the latter group may be considered to hold for the former. Appellof 
(1U00), in his admirable paper, “Studien fiber Aetinien-Entwieklung." has followed very com¬ 
pletely the early stages in the development of the Aetinian f rtidna erassieornis. and at the same 
time reviews the results of other workers throughout the Zoanthuria in the light of his own. 

The following account will be restricted to a description of the lame either upon extrusion 
or shortly after, and as far as their subsequent development has been traced. During the 
course of the present investigations numerous larva? of the following species of corals have 
been obtained; Alanid aa. aredata^ Faria fragmn^ Siderast rwa radians* Porites elararia, 
Isnp/njUia dipsace<u and Agarida agarldtcs; not always, however, under circumstances in which 
their future historv could be followed. In some eases it has been possible to trace their 
growth through various stages, but in others only the lame themselves are available for study. 
Some of the lame were preserved directly in corrosive acetic, and others in formol. The former 
method gives the best results. During preservation mucus was often extruded from the 
unicellular ectodermal glands, resulting in the adherence of foreign particles to the larval wall; 
often also the larva? collapsed when transferred to the preserving medium. 

Where the superficial tissues of viviparous polyps are partly transparent, the larva? can 
be seen moving about within the gastro-ecrlomic cavity, coming into view above and then 
disappearing below. Very often they enter the tentacles, and may remain there for some time, 
so that when the polyps retract they give rise to small protuberances of the surface. Whether 
the motion within the polvpal cavity is due to the larva's own ciliary activity, or is brought 
about as a result of the general circulation of the internal nutrient fluid, is not readily ascertained; 
certain lame are provided with cilia and able to swim about immediately on extrusion, while 
others remain motionless* for a short time, showing that cilia are not yet active. 

The actual extrusion of the larva? seems always to take place suddenly, not with the slow 
convulsive movements more usual in parturition in other groups. In Afanidna arndata the 
larva? were ejected through the mouth in batches, a dozen or so at a time, by a peculiar jerking 
motion of the adult; but in Poritrs clararia, Faria fragiun , and Sidcrastrxa radians they 
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appeared singly, or only two or three at a time. Probably the larva' arc able to made their exit 
through the tips of the tentacles, as well as through the mouth, though owing to the rapidity 
with which the process takes place 1 have never been able to assure myself of this method, even 
when, as in the ease of Sid* raafnva. colonies have boon watched for hours. Von lvorh states 
(ISi* 7) that the larva? of ('aryophyWa cyatlms pass through the tips of the tentacles. The various 
polyps of a colony continue to give out larva' for several days, or even for a week or two, and 
then the supply ceases, or for some time one or two individuals may appear at long intervals. 

Development appears to proceed equally within most of the polyps in anv colony. In the 
fertile colonies of Ftria or Sidrraxfriwt the majority of the polyps contained larva' all at the 
same stage, and in Pori fa* such was the ease with most of the polyps within any restricted area. 

On first extrusion the larva'of corals are spheroidal, oval, pear-shaped, or elongated rod-like 
bodies, varying from 1 to 3 mm. in length, the outer surface' uniformly ciliated throughout. The 
various forms assumed by the different larva? of Faria frayam. extruded about the same time, 
indicate the more usual shapes (PI. XIII, tigs. !M5-100). Lacazc-Luthiers (1X73) figures the larva 
of Astro idea ealyeuhn'ii s* as elongated and assuming a spiral form, von Koch (1807) that of Caryo- 
phyllin cyathm as pear-shaped. The individual larva, however, often manifests the power of 
retraction and of altering its shape, so as to be at different times oval, pear-shaped, spheroidal, 
or flattened and cake-like. In the majority of eases, one end, usually the anterior during progres¬ 
sion, is much broader than the other, though when the larva has been extruded for some time 
these relations are frequently reversed. Thus, the pear-shaped larva of Faria fray am has at 
first, the broad end at the aboral forward pole, but later the broad end is oral or posterior 
and the narrow end is aboral. A similar alteration of form has been noticed in Sidemsfr&a 
radians, but most of the larva? of this species have a narrow aboral and a swollen oral pole from 
the beginning. Twin larva?, with two oral extremities and one aboral, have been extruded by 
polyps of the species just mentioned. No coral larva has yet been described in which the aboral 
extremity bears the tuft of larger, less mobile cilia sometimes met with in Aetinians. 

Coral larva* are able to swim about either immediately on extrusion or shortly after. For the 
first few minutes they may remain motionless, either at the surface of the water or on the bottom 
of the vessel, then, cilia having been formed, active movements of both rotation and translation 
commence. Some gyrate throughout the depth of the water, coming to rest from time to time; 
others remain nearer the surface or accumulate around the sides of the vessel. Within one to 
three days a few of the more vigorous examples would become attached to the sides of the 
glas^ vessel or other object, and remain thus for some time, then become active again, and 
afterwards relix themselves. But the great majority seemed unable ever to settle, and continued 
alive for days or weeks, without much motion, and apparently without undergoing further 
development. If fixation did not take place during the first two or three clays it was never found 
to occur after, though some of Wilson's larva? of J ftwicimt settled after swimming around for 
three weeks. 

When first extruded, coral larva' are dense and opaque, and either colorless or slightly 
brown; afterwards they may become slightly distended, and as a result the wall appears thinner and 
more nearly transparent. Occasionally the larva? are set free in a distended form, when they arc 
more transparent from the beginning. The alteration from the opaque to the more transparent 
condition is brought about by an important change in the internal endodermal tissue, described 
below. Fueler the microscope the colorless or nearly colorless outer ectoderm can be distin¬ 
guished from the inner endoderm. and in all species examined the latter bears zooxanthella?, 
which give a yellowish color to the internal mass. 

The oral pole, whether narrow or broad, is usually darkly colored externally. Examination 
of the living larva? under the microscope, and also by means of sections afterwards, reveals that 
the color is due to the presence of numerous zooxanthella' or yellow cells toward the oral end. 
Fsually these occur within the ectoderm cells, but sometimes, as in IsophyUia dipsacea (PI. XXV, 
fig. Ido), they crowd the endoderm cells around the oral extremity, and the ectoderm contains 
comparatively few. In both eases the zooxanthella* are densely aggregated toward the apex, 
which in consequence is the darkest area. In general the alga? are sparingly distributed 
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throughout the ondoderm. and thus give rise to the faint brown color of the larva; as a whole. 
Only rarely do they occur beyond the oral region of the ectoderm. 

From time to time the zooxanthelhc are seen to be set free from the ectoderm cells, and 
in the end thev wholly disappear from the outer layer, the larva becoming uniformly colored. 
Occasionally they persist for a short time within the perioral area after the larva has become fixed. 

The presence of numerous symbiotic zooxanthelhc within such a restricted region of the 
larva during its intcrpolvpal existence, and their disappearance shortly after the larva is set free, 
arc phenomena upon which no explanation has yet been offered. In no adult corals are 
zooxanthelhc found within the ectodermal cells; it is wholly a larval condition. 

When the larva* are first extruded, the oral aperture is usually indeterminable, but a very 
minute opening appears shortly after, often situated a little to one side of the actual apex, 
and later the wall immediately around the mouth becomes slightly depressed. Extrusions of 
zooxanthelhc, and what seem to be yolk granules in a mucus like mass, have been observed to 
take place from time to time through the newly formed mouth. This phenomenon commences 
shortly after the larva* are set free, and continues for some time. Lacaze-Dnthiers (liS73) has 
figured the ejection of waste material actually taking place in the larva; of Astro hi and it is 
also found to be a common occurrence in Actinian larva 3 . It is manifest that this is the larva's 
method of getting rid of the surplus zooxanthelhc, yolk, and cell debris remaining after the 
formation of the narrow endodernml layer from the original nearly solid internal tissue. Sec¬ 
tions of late larva 3 are generally found to contain free zooxanthelhc, and what seem to be cells in 
process of disintegration (fig. L12), while in early larva; the interior may be wholly filled with a 
compact vacuolated tissue (PI. XXV). 

Some time after their extrusion, the larva; may enlarge a little, and begin to lose their 
opacity, or this may not take place until they settle. Through the more transparent walls the 
internal attachment of the mesenteries can be seen, and their number and course determined. 
Usually three or four pairs of mesenteries are indicated at this stage, one or both of the lateral 
pairs generally extending as dark, thickened bands farther down the polyp than the two axial 
pairs (PI. XVII, fig. 1^5). 

In nearly all cases sections of the freshly extruded larva reveal an almost solid interior, into 
which the very narrow stomodicum has pushed, as it were, its way; also three or four pairs of 
mesenteries are more or less developed (Pis. XVIII, XXV). Afterwards the four pairs of 
mesenteries seem to grow quickly, so that by the time of settling all may be united with the 
stomodicum, two additional pairs—the fifth and sixth developmental pairs—having appeared in 
the meantime; the latter, however, never unite with the stomodicum for a long time after 
fixation. All the Ax pairs of protoenemes were already present in freshly extruded larva; of 
Isoj)hyU!<( <7!j)wce<f. Tentacular protuberances seem never to make their appearance before the 
fixation of the larva, nor has any trace of skeletal matter been observed during the free swimming 
stage. 

Within a day or two after extrusion the individual larva? settle by the forward a bo nil pole, 
on any suitable surface which presents itself, and usually independently of one another. Should 
the aboral extremity of the larva be narrow, it rapidly flattens after fixation; the larva as a 
whole shortens greatly, swells laterally, and for the first time the differentiation into basal disk 
and column is established. 

Fixation may take place in close proximity to the parent colony, and in such cases 
probably directly after liberation. It is a common occurrence to find a few young polyps 
adhering to the lower, dead surface of colonies of J lanicina and Facta. Lacaze-Dnthiers (L81D) 
has also shown that in the Vanjophyllkt obtained from Port Vendres “bouquets" of the coral 
have been produced, evidently by the larva* fixing themselves on the exposed region of other 
corallites, and, thus attached, growing to their full dimensions and giving a semblance of budding 
or fissiparity to the usually simple coralla. Von Koch (18‘JO) also describes “aggregated" 
colonies in BuhinophylUa , which could only have originated in the same manner. 

A still more remarkable instance of colony formation, from the union of individuals originally 
free and distinct, occurred during the fixation of the larva* of Shhrastrica radians. The lame 
settled in groups in such close proximity that when expanded the poly pal walls pressed against 
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one another, and produced angulated outlines. In one instance a colony thus produced consisted 
of thirtv-two primarily free larva*, in another twelve hirvte associated themselves, in a third 
seven, while several groups of three or four polyps were formed. Some of these colonies lived in 
small aquaria for three or four months, during which time the tentacles and skeleton appeared. 
To all appearances they would, under natural conditions, have given rise to actual colonies, 
indistinguishable from ordinary colonies produced by gemmation. (See foot-note, p. 4tC>.) 

Of the numerous larva* extruded by corals comparatively few seem to settle, and in aquaria 
the greatest difficulty and uncertainty are experienced in securing permanently fixed individuals. 
Sometimes a number will become,fixed, while under what appear to be exactly similar circum¬ 
stances fixation seems impossible. In addition to the somewhat unnatural conditions under which 
the larva may be placed in aquaria, it seems not improbable that the ripeness of the larva' for 
settling may also be a factor. In my experience, if fixation be not effected within two or 
three days after extrusion, it does not take place afterwards. The larva* will then remain resting 
or slowlv swimming about for an indefinite time, apparently undergoing no development what¬ 
ever. Larva* of N. raf/iansAvdVQ boon kept thus for a period of twenty days. 

Different measures were employed to provide the larvae with suitable surfaces for fixation, 
and at the same time permit of their examination later. Glass dishes and small pebbles were 
placed in the vessels, and cover glasses floated vertically by means of pieces of cork. These 
provisions, however, were of little service. The most favorable position appeared to be the sides 
and bottom of the glass vessels in which the colonies were living. The larvae being properly 
settled, the vessel was broken with care, and the fragments hearing the larva* distributed to other 
vessels in which coral colonies were already established. Many larva' were secured in this way, 
fixed to transparent pieces of glass, and could be taken out at any time, and examined in small 
glass dishes as transparent objects under the microscope. 

Once the larva* were fixed, they appeared quite vigorous and hardy, and continued their 
growth even under unfavorable conditions; while larva which remained unfixed, though kept 
alive and active for several weeks, never increased in size or underwent development in anyway. 

Ectoderm *—The larval ectoderm is very broad compared with the same layer in the adult 
polyp. In section the ectoderm of the larva of Ayavicia measures 0.1 mm., and that of Ft via 
frngnm 0.08 mm. Most of the usual Anthozoan cellular elements are already differentiated at or 
before extrusion; gland cells, nematoblasts, supporting cells, and nervous elements occur, but 
no muscular fibrils have been recognized. No observations have been made on fresh macerated 
material, but the various cells separated somewhat freely from certain of the specimens preserved 
in formalin. 

Both transverse and vertical sections of the ectoderm exhibit certain zones characterized bv 
differentiations in the cellular constituents (fig. 165). The greater number of the nuclei are 
aggregated about the middle of the layer, and inwardly they occur in diminished numbers as far 
as the mesoghea. Bv reason of the deeply-staining character of the nuclei their zone of 
distribution stands out strongly in moderately thick sections, and macerations show that it 
comprises the nuclei belonging to the supporting cells; the more deeply situated nuclei are 
those of the gland cells, developing nematocysts, and nervous elements. 

The outer half of the ectoderm comprises the swollen portion of the gland cells and the mature 
nematoevsts, embedded, as it were, in a matrix of supporting cells; the margin frequently 
shows the swollen bases of the cilia, which stain very strongly in methyl blue. 

The inner zone is not well defined, and in early larva? is usually characterized by the presence 
of large numbers of developing nematoblasts. These stain deeply, appear nearly homogeneous, 
but with a nucleus to one side, and are arranged irregularly at all angles to the other constituents; 
as they mature they migrate peripherally, and become arranged at right angles to the surface of 
the layer. 

The gland cells are a very important constituent of the larval ectoderm, and their contents 
are nearly always finely granular, and usually remain unstained. Sometimes the vacuolar part 
extends nearlv. if not altogether, across the layer, and on preservation the larva? often throw out 
large quantities of mucus, when the cells become clear. 
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As already mentioned in describing the external characters, the ectoderm cells may contain 
zooxanthe!la\ mainly restricted to the oral pole, but at times occurring sparsely throughout. 

At the aboral extremity of all the larva? examined the ectoderm undergoes an important 
alteration: nervous elements become, developed to such a degree as to suggest that the region 
represents a special sensory organ. The general features of the differentiation are much the 
same in each species (PI. XX\ . tig. lt>5). From the narrow inesoghea a number of delicate 
fibrils extend parallel with one another and at right angles to the layer, and unite in a reticulum 
which in sections seems largely made up of the cut ends of nerve fibrils. The nerve layer may 
be very broad, and on the outer side is continued into the ectoderm cells. The latter are usually 
more elongated, and more compactly arranged; the mucous cells are greatly diminished in num¬ 
bers. and the. nematocysts and supporting cells have undergone a corresponding increase. 

The special nervous development is not restricted to the actual aboral pole, but extends 
some distance lip the wall, gradually becoming weaker and weaker, until ultimately, a little 
below the middle of the larva, it is scarcely distinguishable. 

I have described the occurrence of a similar sense organ at the aboral pole of the larva of 
Lrhrunta cttralliyens (lsilff)), and Professor' MeMurrich (1821) has found the same in the larva 
of Ii/toclactlx sancti~Thom#. It is suggested that the organ is in some way associated with 
the forward position of this end of the larva in swimming, and disappears when the larva 
settles by this extremity. Appellof (1200) has found a less marked ectodermal modification at 
the aboral pole of the larva of Actinia e<jnina % but in this species no special nerve layer is 
developed. The layer is clearer than elsewhere, and the cells are long and extraordinarily fine, 
and some even seem to terminate in two or more fine fibrils, while on the outside a group of 
longer, less mobile cilia occurs. Appellof observed no corresponding differentiation in the aboral 
ectoderm of f rticina . 

J [outh and StomodcPum.- When the larva? are first extruded an oral aperture as a rule is 
indeterminable, though a few hours afterwards a small circular opening can be made out, and 
later the wall around may he partly depressed. Transverse and longitudinal sections through the 
oral pole of freshly extruded individuals also indicate that for a time the mouth and stomodauim 
are not functionally active, and the ectoderm at the entrance to the interior often appears without 
any break. In sections through the stomodival tube an extremely narrow lumen occurs, but 
the condition of the canal does not suggest that ciliary activity has been established, any more 
than the nearly solid interior of many of the larvse would permit of the circulation of a. nutrient 
fluid. The stomochvul (filiation is not always distinguishable, yet when fully active the cilia 
here are the strongest in the whole polyp. The deeper parts of the ectodermal epithelium at 
this stage contain the developing stages of many nematocysts, and the nuclear zone so character¬ 
istic of the stomodival ectoderm in adult polyps is not yet strongly differentiated. 

The ectoderm never stops short all the way round at the actual inner termination of the 
stomocheal tube, but is partly reflected along the endodennui surface, and thence becomes 
continuous with the mesenterial filaments, passing down the free edge of whatever mesenteries 
are wholly complete (PI. XVIII, fig. 127). In endeavoring to establish the homology of the 
mesenterial filaments, much significance has been attached' to this reflected ectoderm, and to the 
apparent passage of the stomodival ectoderm on to the mesenteries (p. 477). 

End ode nn . Much variation exists as to the condition of the interior of the larva' when 
the latter are newly hatched. In some instances it is filled with a highly vacuolated tissue, so that 
the larva is a nearly solid mass of spheroidal cells; other larva? are hollow 7 toward the middle, 
but provided with a broad endodermal lining. A comparison of the figures on Pis. XV and 
XXV will give an idea of the different internal conditions which have been encountered. 

The vacuolated tissue filling the coelenteric cavity appears as if made up of distinct spheroidal 
or polygonal cells, each with a definite boundary, and having a nucleus applied to the wall. 
Each cell is occupied almost completely by a large vacuole, but around the walls are granules of 
different sizes which do not stain. The appearance of the tissue is the same throughout, in what¬ 
ever direction the sections may be made. Zooxanthelhv are numerous and may be uniformly 
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distributed, or. as in Ayartchi* are more restricted toward the oral extremity and periphery 
(fig. lb.5). 

In larva 1 of Ayarirla and IsophylUa the endodermal tissue is in its most compact condition, 
and in both transverse and longitudinal sections slits or lines of demarcation are present, which 
limit one portion of the tissue from another. Along 1 the margin of the slits the cells have more 
contents, and the boundaries of the mesenterial filaments and more central part of the mesen¬ 
teries are also shown, the tissue appearing as a matrix in which these organs are embedded. 
The slits thus serve to delimit a parietal, mesenterial, stomodieal, and middle endodermal tissue 
(PL XVIII). In some larva.* the slits are represented by wider, more definite spaces, especially 
in the stomodical region, while below the stominhoum the middle endodermal tissue can be seen 
in process of breaking down. Only the middle tissue, however, undergoes disorganization; 
that lining the wall and mesenteries persists as a thickened mass for a long time. When* the 
process has continued for some time the middle of the larval cavity is occupied by organic debris, 
comprising grannies of various kinds, fragments of cell walls, and zooxanthclla? (PI. X1Y. 
tig. 112). This is afterwards extruded by the larva) shortly after the establishment of the oral 
aperture (PI. XIII, tig. 90). 

For a long time the parietal and mesenterial endoderm remains enormously thickened, arranged 
in high vertical ridges, all the cells of the same vacuolated character, in both respects differing 
from the epithelium of the mature polyps. G. von Koch (1897), in his paper on the development 
of CaryrphylUa cyaihus, and later in "Das Skelett der SteinkorallenA has drawn particular 
attention to the parietal thickenings of the endoderm in larva? of this and a somewhat later stage. 
As a rule the endodermal thickenings assume a definite form and relation with the meson* 
teries, which varies as the latter increase in number. In the section of the larva of F. frayurn , 
represented in rig. lid, they are ten in number, two axial thickenings and four bilateral pairs; at 
a later stage another pair will be formed, and ultimately a thickening will occur in each of the 
twelve mesenterial interspaces. Yon Koch (189b) has found similar endodermal swellings in the 
corals Astro/drs, BahnioythylUa^ and CaryophylUa. and in the Hydroids Coryne and Tnhularia; 
lladdon (1890) figures exactly similar structures in the larva of EaphylUa . 

The thickenings correspond with the positions which later will he occupied by the calcareous 
septa, and von Koch has applied to them the term Prompt a (Vorsepten). It is not to be assumed 
that they in any way represent the septa, or are concerned in their formation, for they are just 
as well developed in Actinians, e. g.. Ebrunia . which never form a skeleton. From their 
structure and arrangement, von Koch supposes that in the larva the endodermal thickenings 
function as elastic supporting organs: that they are the physiological predecessors of the septa. 
Morphologically they are seen to he the remnants of the vacuolated endoderm, which, at an 
earlier stage, practically filled the interior of the larva. 

When the larva settles the thickenings still persist in the lower region, and extend intermesen- 
terially along the base and for some distance up the column, as shown in the section of 
ALnuchai (fig. 1ST). The septal invaginations of the ectoderm arising later are formed within 
the prosepta, so that the skeletotrophie endoderm is greatly thickened from the beginning. 

Api >arently in the larval prosepta w r e have the precursors of the enormously thickened 
vacuolated skeletotrophie endoderm, already described as characteristic of the. lenver a bora 1 region 
of a great number of corals. 

The prosepta are thus the persistent representatives of the endodermal tissue, which at an 
earlier stage completely occupied the internal cavity of the larva*. The middle portion of this 
tissue becomes disintegrated, and the debris extruded from the larva 1 , while the peripheral portion 
persists, becomes associated with the skeletal ingrowths, and undergoes* more or less histological 
alteration. 

In the larva of the Actinian Lcbraaot ( I have already described a somewhat similar, 
nearly >olid condition of the interior, and in this case the tissue of the earliest larva* showed 
definite narrow' spaces, which were regarded as indicating a primitive eeelom. These spaces 
correspond with the narrow' slits and limitations met with in the freshly extruded larva* of 
Yol. 8—No. 7 -9 
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A</uriri(t and hophyll'm. In the later larva? of Lebrun at the ventral part of the vacuolated tissue 
had become broken down, and cell debris and zooxanthelhe were seen to escape through tlie oral 
aperture; and thus the adult cadenteron was produced, though for a long time the parietal and 
mesenterial endoderm remained greatly thickened. 

Appellof, toward the close of his paper. "Studien iiber Aetinen-Entwicklung," discusses my 
conception that the endoderm of the larva of Lebnniia is for a time imiltilaminar, and concludes 
that 1 am mistaken in my interpretation of the appearances, lie surmises that Lrbnmia is 
exceptional in that its larval endoderm cells are greatly elongated and highly vacuolated, not that 
they represent a parenchymatous mass, as my observations imply. The various coral larva? here 
investigated show that the more or less solid condition is by no means exceptional in the Zoantharia, 
but is rather the rule. The question at issue is whether the appearances presented by sections 
are due to the vacuolization of a comparatively few elongated cells, or whether the endodermal 
tissue at this stage is composed of numerous rounded or polygonal cells forming an embryonic 
parenchymatous mass. 

In whatever direction sections are taken the appearances are the same, the tissue seeming 
constituted of rounded or polygonal elements; there is never a radiating appearance, such as would 
be expected did the cells represent a columnar epithelium. The absence of this cannot be set 
down to the disappearance of cell limitations, fur such are everywhere very obvious. Moreover, 
so far as can be judged, each vacuolated element is provided with a well-defined nucleus, adherent 
to the wall. 

It is manifest, from all the stages available, that the central portion of the tissue becomes 
disorganized shortly after the larva's extrusion, when functional activity of the stomodamm lias 
been established. As seen in sections, the middle of tin* larva at this stage is tilled with grannies 
of various kinds, some staining deeply and others colorless; zooxanthelhe and fragments of what 
seem to be coll walls are also plentiful. Wore all the cells fixed to the mesoglrea by their base, 
we should then have to assume that their centripetal ends become disintegrated and the debris 
extruded, a proceeding which would hardly ho expected to occur. 

LARVA OF A<rARICJA VOARIVITES. 

(PI. XXV, figs. Ifi5-167.) 

A colony ot Agariciit, freshly collected, extruded numbers of larva? within a few hours, all of 
which were directly preserved. The specimens were opaque and about 3 mm. in length; some 
were strongly pear-shaped, and others nearly spherical, and all swam about from the beginning. 
So far as eould be made out by examination of the li\ ing specimens under the microscope, 
no oral aperture was yet established; a few zooxanthelhe were present in the ectoderm around the 
oral extremity. Most of the larva* partly collapsed on preservation, whether in formalin or 
corrosive acetic. 

Sections reveal that the larva 1 are all at the same stage of development. The interior is 
tilled with a compact vacuolar tissue, leaving practically no free cavity, and six pairs of mesenteries 
are developed, all of which extend nearly the full length of the inner cavity; four pairs of the 
mesenteries are united with the stomodamm throughout its length, but the other two pairs nowhere 
reach it. Mesenterial filaments are already borne by all the six pairs of mesenteries, and become 
strongly developed toward the a bora 1 extremity of the larva. Both transverse and longitudinal 
sections indicate that the oral aperture is not yet formed, though evidently just about to be so; 
the stoinodical tube already shows a definite lumen, but at its outer extremity the ectoderm 
ceils still close over it, and would prevent any communication between the interior and the 
exterior. No filiation of the stomodieal ectoderm can be made out, though this character is 
always very manifest in well-preserved examples of the. adult polyps. - That the cilia in this 
instance have not disappeared, owing to imperfect preservation, may he inferred from the fact 
that tin* external ciliation of the ectoderm is still clearly shown. 

The outer ectoderm of the larva is a very broad layer, and the usual histological elements 
of the adult are already present, comprising supporting cells, gland cells, and nematocysts, 
with the addition toward the aboral extremity of a well-developed nerve layer. Zooxanthelhe 
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arc very limited in number mid distribution. Only a few oeenr around the position at which 
the oral aperture will be formed, as noticed among tin* external characters. The cellular 
constituents of the ectoderm are distinctly shown in larva* doubly stained with borax carmine 
and methyl bine, and tin* enlarged bases of the cilia arc clearly distinguishable. Apparently on 
preservation none ot the gland cells extruded their contents, and these are now stained with the 
carmine, while the supporting cells and nenuitoeysts are stained blue. Most of the gland cells 
have tinely granular contents, blit others are clear, and they may extend nearly the whole width of 
the layer. The nematocysts are small and not very numerous. In the deeper parts of the layer 
are numerous clear, elongated bodies, staining blue, with the nucleus red, which in all probability 
represent developing* nematocysts. The nuclear zone is very sharply limited on its outer margin, 
and the peripheral zone, wholly devoid of nuclei, occupies nearly one-half the thickness of the 
whole ectodermal layer, made up for the most part of the swollen gland cells. 

About midway down the column wall an ectodermal nerve layer begins to appear. At first 
very feeble, it becomes better developed as the aboral extremity is approached, until at the 
actual polo it is very prominent. A hat seem to be delicate nerve librils extend vertically from 
the niesoghea, and then unite in a broad ineshwork: under high magnification the mesh exhibits 
the cut ends of very delicate librils, especially well seen in transverse sections. At the actual 
extremity the gland cells are less plentiful and nematocysts are more numerous. 

Throughout the larva the mesogheu scarcely attains any appreciable thickness, but appears 
us a mere dividing lamella between the ectoderm and endoderm; even in tin* mesenteries 
it is barely seen as a definite layer. Associated with its endodermal surface are nuclear 
bodies which stain deeply in methyl blue, and exhibit somewhat of a punctate character, as if 
nuclei in some mitotic phase, hut. owing to their minuteness, no further details ean be made 
out. Similar appearances occur also in connection with the mesogkea of the mesenteries, and 
may perhaps be concerned in the formation of the middle layer. 

The endodermal cells are spheroidal or polygonal, and almost completely vacuolated. Zooxan- 
thelhe crowd the endoderm cells toward the oral end of the larva, and are sparsely distributed 
throughout; they show a slight tendency toward a restriction around the periphery of the 
endoderm. Although compact, the endodermal tissue presents a definite series of internal 
boundaries associated with the mesenteries, which indicate the lines along which eavities or 
passages will be formed when the larva becomes distended and the codentcric cavity is ultimately 
established. 

The freshly extruded lame of A</aricia are somewhat exceptional in the degree to which 
the mesenterial development has already proceeded. In all the specimens examined the 
Edwardsian mesenteries are complete, and though the fifth and sixth pairs are vet free from the 
stomodieum they extend vertically nearly the whole length of the larva. The dorsal directives 
cease nbornlly a little in advance of the remaining three pairs of complete mesenteries. 

Mesenterial filaments are strongly developed on the Edwardsian mesenteries, and less so on 
the two incomplete pairs; in the former they are in direct continuity with the stomodaial 
ectoderm, but it is obvious that this can not be the ease with the latter. The filamental tissue on 
the incomplete pairs only makes its appearance some little distance below the stomodanim, and is 
never so strongly developed as on the other mesenteries. On these the filaments are often weak 
for some distance, but toward their lower termination they beeome greatly developed, at least on 
the mesenteries of the first and second developmental pairs. Here they are very conspicuous 
objects in sections, and developing nematocysts and gland cells in various stages can be found. 
The filaments have already very definite boundaries distinguishing them from the rest of the 
endodermal tissue. 

LARVA OF ISOPIIYLLIA IMPSACEA. 

(Pis. XVII, XVIII, 125-128.) 

A colony of Uoplnjllia was collected from which larva? were freely extruded from the 
beginning. On their first appearance most of the larva? were rod-shaped, but others were 
pear-shaped: at first the former would crawl along the floor of the vessel in a worm-like 
manner, while the others would swim freely throughout the water. The larva* were larger than 
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those usually met with in corals, measuring fully 3 mm. in length. When first extruded they 
wore densely opaque, and the posterior end (oral) was deeply pigmented. An hour or two after 
being' set free some became greatly distended at the aboral pole, and as a consequence were 
more nearly transparent; others, again, became swollen at the oral extremity, the opposite end 
remain! ng na rrow. 

In the inflated larya represented in tig. 125 three pairs of mesenteries were already indicated, 
all extending downward from the minute, circular, oral aperture. The members of one 
pair of mesenteries extended nearly the whole length of the larya, and along their line of 
attachment were much darker and broader than the others. On one side of the pair were two 
other faint mesenterial attachments, which continued but a short way down the polyp, while on 
the other side was a third pair only just apparent, and haying a still shorter yertieal course. All 
three pairs, howerer, start from the uppermost extremity of the polyp. 

Some of the larya? immediately on extrusion were presented in formol. and others in 
eorrosiye acetic, when they threw out a quantity of mucus, which resulted in the adherence of 
minute foreign particles. The distended larya? nearly always collapsed during the process of 
preservation. 

Transverse sections of the freshly extruded specimens reveal that the larva? are practically 
solid bodies, the interior being tilled with a compact vacuolated tissue, bearing numerous nuclei 
and zooxanthelhe. Boundaries in the vacuolar endoderm are indicated toward the middle, in 
association with the mesenteries, and in the middle of some of the larvie there is a faint indication 
that the endodermal tissue is beginning to break down, but as yet they are practically solid. 

Toward the oral extremity the endoderm is crowded with zooxanthelhe, which are only 
sparingly distributed elsewhere. An examination of the outer ectoderm reveals comparatively 
few alga?, and these are scattered somewhat uniformly throughout the layer. The strong 
pigmentation of the oral extremity, noticed among the external characters, is manifestly due to 
tin 1 accumulation of zooxanthelhe within the oral endoderm, not, as is more usually the case, 
to their presence in large numbers in the ectoderm. 

Both longitudinal and transverse sections through the stomodiemn indicate the absence of 
any actual lumen in the tube, and the compact character of the interior of the larva, above 
described, is not such as to suggest that the circulation of any internal nutrient fluid had been 
established up to the moment of liberation. 

The uppermost sections through the oral extremity reveal the presence of three pairs of 
mesenteries, all extending from the outer wall to the .s to modicum. The ventral pair, however, 
is represented only by the merest rudiments, and the dorsal pair extends but a short distance; 
neither pair stretches downward the full length of the stomodauun. The middle of the three 
pairs is by far the most important; its members are inserted on the stomodieuni throughout its 
extent, and when they become free the edge is tipped with a mesenterial filament which appears 
as a deeply-staining tissue, wholly resembling that of the stomodieal ectoderm: the two are in 
absolute continuity with one another, and in every way .seem one and the same tissue. The 
mesenterial filament extends nearly two-thirds the length of the polyp, and is very conspicuous in 
sections on account of the deeply-staining character of its constituent cells. The other 
mesenterial pairs present no indications of filaments. 

/. dfjKsacru is of interest as showing the early stage at which the second and third pairs of 
mesenteries are united with the stomodivum; indeed, they seem to originate at the angle between 
the wall and stomodieal invagination, and thence grow down the column and the stomodieum. 

The ectoderm is characterized by numerous large clear gland cells, which give out their 
mucus when the larva? are preserved. Many large nematoevsts are also present, and the aboral 
extremity displays a strongly developed nerve layer. 

LARVA AXI) YOUXU POLYPS OF FAYIA FRAOFM. 

(Pis. X1II-XV, fiirs. nG-116.) 

The polyps of several colonies of this .species collected around Port Henderson, early in 
April, were charged with larva?, which were extruded singly from time to time. Occasionally, 
an unfertilized egg would also appear. The larva? could be seen through the transparent walls 
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of tIn' expanded polyp ns opaque white bodies, moving freely about in the gastro-cudomic and 
tentaeular cavities; upon retraetion individual larva 1 often remained within the tentacular cavity, 
distending* it and forming* small protuberances on the surface of the colony. The usual occurrence 
of the larva' within the tentacles would indicate that they made their exit through the. tips of 
these orpins, but although large numbers (‘scaped while the colonies were 'uider observation 
the actual point of extrusion was never determined. They were either shot out suddenly, 
with force enough to send them some distance, or merely escaped and tell on the general surface 
of the parent colony. 

Some of the larva' were aide* to swim about immediately on extrusion: others remained 
motionless for a few moments either on the surface of the water or the bottom of the vessel, and 
then commenced vigorous gyratory movements. The rotation was clock-wise when the larva' 
were viewed with the narrow oral extremity upward. When first liberated, the larva? show 
considerable power of adhesion at any part of their surface: on transferring them from one 
vessel to another they would often tix themselves within the pipette, and require a considerable 
force of water to dislodge them. Specimens might adhere either by their anterior or posterior 
extremity for a time, and then commence moving again. 

When first expelled some of the larva* wen* rod-shaped bodies, about 2 mm. in length, and 
rounded at each end: others were pear-shaped, the broader pole being directed forward and the 
narrow end backward in translation; others again were oval or spherodial. The individuals, 
however, were able to change from one form to another. Seen with the naked eye. or by means 
of a lens, the larva' were strongly opaque, an internal yellowish mass being distinguished from 
a colorless or slightly green external layer. The narrow, posterior, oral pole was for a long time 
more darkly eolored than the rest of the larva. 

Under the microscope also the larva' were perfectly opaque, the eiliation was uniform, and 
when first extruded no oral aperture nor mesenterial divisions could be discerned. The surface 
appeared minutely granular, white dots being irregularly distributed over the ectoderm. The 
denser coloration at the narrow oral extremity was seen to be produced by an accumulation of 
yellow cells within the ectoderm, which gradually diminished in number away from the extremity. 
It was possible to determine that the coloration of the internal endoderm was also due to the 
presence of zooxanthelhe. Soon after liberation, extrusions of yolk granules and zooxant holla? 
from the oral extremity took place, and eon tinned from time to time (fig. 116). 

Alanv of the larva? underwent much alteration in shape. The oral extremity became swollen, 
and the aboral narrow, a reversal of the primary condition (fig. loo); but when first extruded 
the larva? sometimes exhibited the swollen oral extremity and narrow aboral. 

Within a day or two certain of the larva? had settled to the sides of the vessel, becoming 
flattened both orally and aborally; a few zooxanthelhe were still present around the oral 
aperture, which had now become functional. Some specimens would again detach themselves 
and move slowly around. After fixation the larva* were more transparent, and at first four 
pairs of mesenterial divisions were visible from the outside, and later six pairs. The settled 
larva* were soon able to extend themselves, and assume the columnar form, appearing greenish 
in color. 

The various stages of mesenterial development were quickly passed through, until all the 
protocnemes were present, the Edwardsian mesenteries complete and the fifth and sixth pairs 
incomplete. Beyond this no increase in the number of mesenteries took place during a period 
of three weeks. Within four days six tentacular prominences were apparent, the larva 1 at this 
stage usually appearing flask-shaped, with a broad base (fig. 107). During the early stages the 
tentacles often became involved in tin* expanded diseal tissues of which they were outgrowths, 
and as a consequence were indistinguishable as separate organs. In a young polyp from another 
batch of larva?, the >ix members of the inner entoc<elie cycle also appeared in advance of the 
members of the outer exocrelic cycle (fig. 106). 

One larva was secured attached to a fragment of glass, and could thus be examined as a 
transparent object, and its later development observed. In seven or eight days the mesenterial 
filaments were visible on the first and second pairs of mesenteries as darker internal organs, and 
in about fourteen days six small, clear, oval areas were recognizable within the entocude of the 
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.six pairs of protoenemes, their occurrence suggesting some connection with the first stages in the 
formation of the skeleton (tig. lOfc). They clearly correspond in position with the six septa of 
J lanichta (fig. 135). and it is conceivable that they represent invaginations of the basal wall 
preceding’ the formation of the septa. No calcareous deposition however was observed to take 
place within them; probably the unfavorable conditions under which the larva was kept interfered 
with its normal development. 

Small polyps are sometimes found around the larger colonies of Faria, and represent 
larvae which have fixed themselves immediately or shortly after extrusion. From these 
several further stages of development have been secured, one of which is represented in fig. 
109. The polyp is in a partly expanded state, and only the discal region is indicated, as seen 
under a low power of the microscope. The six pairs of primary mesenteries are present, the 
fifth and sixth pairs still free from the stomodauim; in addition to these a pair of mesenteries has 
appeared in each dorsal exoecele, and a small pair in each of the middle exocudo. At present 
the metacnemic pairs extend but a short distance over the margin of the disk, but are continued 
farther down the column wall. No mesenteries have yet appeared within the ventral exoemles. 
The significance of the stages in the mesenterial development here represented has been 
already noticed in discussing the appearance of the metacnemes in the Madreporaria generally. 

Of the tentacles six entocudic and six exoccelic members are already present, forming two 
cycles, the inner tentacles a little larger than the outer, and both slightly knobbed, in addition 
to these a tentacle lias arisen in association with each pair of metacnemes. making sixteen in all. 
At this stage it was impossible from their position to say whether the new tentacles were 
entocudic or exocodie in relation to the pairs of metacnemes, but it is significant that they follow 
closely upon the development of the mesenteries. Most probably they are the entoecelic 
outgrowths which have appeared somewhat in advance of the exocwdic, following the sequence of 
the prototentacles. 

The different stages secured in the development of Faria fra gum afford a complete series 
illustrating the order of appearance of the mesenteries in corals, and it is desirable that they 
should be presented in their regular sequence. The series extends from larva? with only one pair 
of complete mesenteries to young polyps in which fission is instituted. The earliest stage occurs 
in non-extruded larva? obtained from a colony after deealcitication (fig. 112). Three pairs of 
mesenteries are present, but only one pair is complete, and this divides the codenterie cavity into 
two unequal chambers. In the larger of these is a second pair of mesenteries, not complete as 
yet, but bearing rudimentary mesenterial filaments: in the smaller chamber is a third pair of 
mesenteries, which are very rudimentary. Pho first pair extends almost the whole length of the 
larva, the filaments strongly developed all the way; the second terminates some distance in 
advance of the a bora 1 end; while the third has only a very limited course. 

Larva* which had been extruded a few hours when preserved reveal the next, stage, 
represented in fig. 113. Two pairs of mesenteries are united with the stomodauim, and, by 
comparison with the previous figure, the now complete pair is evidently the dorsal pair, the 
second of the mesenterial sequence. The ventral pair (Ill. Ill) is no better developed than in 
the former figure, but in sections below the termination of the stomodauim a new pair has 
appeared between the dorso-lateral pair (fig. 114). This is manifestly the fourth pair in the 
mesenterial sequence, and it is inserted dorsal to the second pair. Also between the first and 
second developmental pairs arc found the merest rudiments of another pair (Y, V). 

Sections of larva* a little older, and in one cast* of a young polyp already settled, present 
the next, stage, where three pairs of mesenteries are inserted on the stomodauim (fig. 115). 
Comparison with tig. 113 indicates that it is the third pair in tin* mesenterial sequence which has 
now reached completion. The fourth pair extends more upward, and the fifth pair has reached 
the level of the stomodauim: the sixth pair has not yet reached the stomoda*al region, but is 
present below (tig. 1 lfi). Finally, in larva* which have just settled (figs. 105, lOfi), four 
mesenterial pairs have become complete, and the fifth and sixth pairs are well developed in the 
upper part of the column, but remain free from the stomodauim. 

Flie sequence for the protocnomie pairs is thus complete. The first and second pairs to 
arise become the ventro-lateral and dorso-lateral of the Edwardsian mesenteries, the third pair 
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constitutes the ventral directives, mu! the fourth the dorsal directives, while the fifth and sixth 
paii's, incomplete as yet, arise on tin' ventral aspect of the second and first pairs, respectively, the 
fifth a little in advance of the sixth. (See diagrammatic figures on p. 508.) 

A young polyp, settled on the same block of dead coral as a mature colony, affords the next 
stages required in the sequence—the manner of appearance of the first metacnemes. The living 
characters are shown in tig. 101*. and a section through the decalcified polyp is diagrummatirally 
represented on p. 5<>0. The protocnemes are in the same stage as in (In* previous figure — 
the first four pairs are complete, but the fifth and sixth are still incomplete. Within the dorsal 
and middle exocodes on each side a pair of mesenteries has appeared, the dorsal pairs being 
better developed than the middle. In fig. 15/i showing the arrangement in another decalcified 
young polyp, six pairs of metacnemes have appeared, completing the second cycle, and all the 
members of the first cycle are united with the stomodauim. The six metacnemic pairs thus follow 
a dorso-ventral, or antero-posterior, order in their appearance, but are now practically equal and 
constitute, the second cycle of mesenteries. 

Fig. 1 oy, p. 510, shows the manner of appearance of the first pairs of mesenteries which will 
constitute the third cycle of twelve mesenteries, or second cycle of lnetaonemes, and it is at this 
stage that fission is introduced (p. 511). 

A tangential vertical section through one of the larva? which had settled, but in which no 
septal formation had yet taken place, is represented by tig*. 110, and the right half of the same 
section, more highly magnified, is represented by tig. 111. 1 he four complete mesenteries extend 

from the base to the upper wall, and present a muscular development on each face, the libers 
being cut obliquely. The endoderm is still greatly thickened, especially basally, while the 
superficial ectoderm has undergone but little change: zooxanthelhe are altogether absent, 
though present in abundance in the larva*. 

A great alteration has taken place in the basal ectoderm. It is no longer a broad columnar layer, 
but is represented by little more than fragments, wlii* li include a few nuclei and granular matter 
which stains deeply. The mesogluea is likewise extremely narrow except mesenlerially, where 
it is much broadened. In these regions can be seen structures similar to the wedge-shaped, 
striated, desmoidal processes characteristic of adult polyps, so that evidently these arise at a very 
early stage in the fixation of the larva: hints of tin* same processes also appear intermesenterially, 
where tin* mesoghea is extremely narrow. The larva from which the sections were taken had 
been adherent to a fragment of glass for over a week, and, though no septa were formed, it is 
very probable that the basal plate had already been laid down, as this is one of the first parts 
of the skeleton to appear. The skeletogcnie ectoderm is in much the same condition as in 
adult polyps, in regions where growth is not proceeding rapidly. 

The passage from the narrow basal ectoderm to the broad ectoderm of the column at the 
margin of the section is abrupt. The cells around the indented vertical part at the right 
extremitv of tig. Ill are somewhat modified compared with those beyond, and are. probably 
concerned in the formation of the epitheca. This is certainly the case in the slightly older 
polyp of J fitnirhut represented in fig*. FIT. 

YUlTXir POLYPS OF MANICIXA AREOLATA. 

(PL XIX, figs*. 133-137. ) 

To the very complete description of the early stages in the development of this species given 
by Dr. H. Y. WiNon, in 188s. I have nothing to add, and will therefore proceed to the point at 
which Wilson's researches terminated, namely, tin* formation of the skeleton. The latest stage 
reached in the growth of the Bahama specimens was one in which the twelve protocnemes 
were present, only two pairs of which were connected with the stomoda?uin. The stage is 
comparable with that represented in fig. 134, PI. XIX (rf. Vs ilson's fig. 39), taken from a fixed 
larva four days after extrusion from the parent colony. 

Out of many batches of larva? extruded from a small Jamaican colony only a few individuals 
became fixed, and after several days those were reduced to two, which continued to live for nearly 
three weeks, though under somewhat unfavorable conditions. The larva? were attached to frag- 
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moats of glass, and could l>e transferred from one jar to another, or submitted to microscopic 
examination. Usually they were kept in vessels in which living colonies of other corals, such 
as i 'lnrfocora and Orulimu were already established. 

Shortly after fixation the first four pairs of mesenteries reached the stomodieum, but the fifth 
and sixth pairs remained incomplete for the whole period, and no trace of any metacnemes 
appeared. The tentacles protruded toward the beginning of the second week, and, at the time they 
could be definitely recognized, were already twelve in number. 

One of the specimens, viewed as a transparent object, is represented in fig. 135. The meso- 
glceal portion of the mesenteries appears as a clear, colorless line; the Edwurdsian mesenteries 
are united with the circular stomodanuu, while the fifth and sixth bilateral pairs are incomplete. 
The knobs of the retracted tentacles stand out as darker circular patches, arranged in two alternating 
cycles of six each; the members of the inuer cycle are eutoccelic and those of the outer are exoccelic 
in position, varying but little in size. \\ it bin the entocudes of each of the six pairs of mesen¬ 
teries is seen the first indication of the skeleton, represented by narrow, septum-like deposits, 
situated some distance from the periphery, and radiating toward the center. A basal granular 
deposit, the first formation of the basal plate, could also he distinguished, but was not studied 
in detail. 

The second polyp is represented in fig. 13<>, but the corallnm has not developed to the same 
degree as in the first polyp. In the dorsal or suleular entoeade the calcareous deposit forms 
two small oval areas; in the sulcar entoeade the deposit is also oval and small; while in the 
lateral entoeodes it bears more resemblance to a septum. The differences in extent of develop¬ 
ment suggest that the six septa may not arise with complete uniformity, but under the unfavorable 
conditions to which the polyps were subjected not much importance can be attached to the 
result. Through the oral aperture two other skeletal deposits can be distinguished, the first 
indications of the columella. 

Fig. 135 should be compared with that given by von Koch (181*7. p. 700) of the fully expanded 
young polyp of ('aryophyllhi njathiw. Here, also, the corallnm appeared at the Edwurdsian 
stage of mesenterial development; the tentacles are in two alternating cycles of six each, and 
the six primary septa have appeared, but are more peripheral in their distribution and are 
already united with the circular theca. In Mantcum no thecal formation occurred during the 
short period the development was followed, but indications of an epitheca were observable. 

Both of the young polyps of Jfan'tcina were decalcified, with the object of ascertaining the 
early stages in the modification of the polypul layers, consequent upon the formation of the 
skeleton. 

A radial vertical section through one of the polyps, including two septal invaginations, is 
represented in fig. 137. It was from such sections that von Koch (1882) established the external 
character of the skeleton in corals. The actual outlines of the polyp are from a camera lueida 
drawing, while the diagrammatic outline of the skeleton has been added. 

The polyp is flattened in retraction, resting upon the skeletal upgrowths, and the mouth is 
widely open. The right half of the section comprises a portion of a mesentery connected with the 
stomodamm/and hearing a mesenterial filament; the left half includes the section of a tentacle, 
which is only distinguishable from the rest of the ectoderm by its greater thickness and the pres¬ 
ence of large liomatocysts. The columnar and discal endoderm is narrow and contains many 
zooxanthelhe, while the basal, skeletotrophie endoderm is greatly thickened, except over the 
upper part of the septa. It is devoid of zooxanthelhe, and in its other characters closely recalls 
the layer as it occurs in the lower part of the skeletotrophie tissues in adult polyps (tig. 12fi). 
The mesoghea is extremely narrow throughout. 

Greatest interest attaches to the basal skeletogenic ectoderm. In the actual sections scarcely 
any indications of the layer remain; it has either been removed by deealeifieation, or. more 
probably, has become greatly reduced as a result of the formation of the skeleton, a condition 
which has been found to characterize the older regions of most coral polyps. A few nuclei 
occur here and there, and in places a detached mesoghea-like membrane, representing the 
skeletal membrane of Bourne. 

Where at each extremity the polyp turns upward the ectoderm for a short distance has 
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undergone a simihir modification, though not quite to (ho sumo degree: inoro of the cellular 
ehuruoter is retained than at the base, but the passage into the broad octod(»i'in of the column is 
abrupt. It is hero that the opithoea is formed, and manifestly it is nothing* more than the 
upturned continuation of the basal plate. The opithoea and basal plate are covered only on their 
inner surface by the poly pa I tissues, while the septal upgrowths from the basal disk are clothed 
on both sides. The first two parts of the skeleton can therefore, increase in thickness and extent 
only on one face: but the septa are added to on both faces. The opithoea as yet is unconnected 
with the peripheral septal edges, but in older polyps it rests upon their free, exposed margins. 

FOSTLARVAL DEVELOPMENT OF SIDERASTR.KA RADIANS. 

In both its free and incrusting condition NW7cw.v//vw r<t<H<nis is a very abundantcoral around 
Jamaica, and fertile colonies have been obtained, and the development of the larva* and young 
polyps followed throughout a period of seventeen weeks. 

In the earliest extruded larvie the oral aperture is already established, and the interior is 
nearly tilled with a vacuolated, pareuehymatous tis>ue, containing numbers of zooxantholla? 
uniformly distributed throughout. Four pairs of mesenteries are present; two lateral pairs are 
complete, but the dorsal and ventral directives are yet free. In later larvie the ventral 
directives are inserted on the stomoda.nim. and the fifth and sixth pairs of mesenteries have 
appeared. The dorsal mesenteries were complete by the time the larva* settled, the Edwardsian 
stage being thus readied, hut mesenterial filaments were found only on the first and second bilateral 
pairs of mesenteries. The ectoderm is crowded with zooxunthella* at the oral pole, and a few 
occur over all the layer, but become very sparse in the older larva?. At the aboral pole the 
nerve layer undergoes a strong development, and nematoeysts are more plentiful than elsewhere. 

Wide slits and spaces, both intermesenteriallv and below the stomodauim, began to appear 
in the larva* shortly after extrusion, and represent the permanent gastro-cudoinie cavity. Soon 
the whole of the central part of the vacuolated tissue breaks down, and the middle of the cavity 
is occupied by a mass* of organic debris, among which are zooxantholla? and granules of various 
kinds. Extrusions of such debris were often observed from the free swimming larva*. .Many 
of the larva* became attached to pieces of glass, and the young polyps could thus be examined 
under the microscope in their living condition as transparent objects, and the development of the 
various organs and skeleton followed step by step. The full account of the postlarva] development 
will be published shortly, but the salient results may be here briefly summarized. 

Most of the larva? were pear-shaped, the swollen extremity as a rule being the oral or 
posterior end in swimming. On fixation many grouped themselves together, and thus from 
primarily free and independent organisms young colonies wore derived. Six pairs of mesenteries 
the Edwardsian members complete, and the fifth and sixth pairs incomplete—were present in 
the newly settled larva. 

Te»t<icl*s .—Six equal tentacles, representing a primary cycle, appeared a few days after 
fixation: but are exceptional among all corals whose development has yet been studied in that 
they arise from the exoecelio chambers, not the entocudic, as is usually the ease. Two or three* 
weeks elapsed before* the* entoeoelic cycle began to appear, when the members developed either 
simultaneously or in a successive manner. They were situated central to the first cycle to arise, 
and for a long period remained smaller than the others. The development of the two primary 
cycles of tentacles was thus centripetal, the outer exotontacles appearing first and the inner 
entotentacles next. 

The entotentacles of the adult Sid* ntstrict are bifurcated toward their extremity, and in 
the course of their development in the larval polyps the two halves were found to appear 
independently, and with a period of several weeks intervening. The common peduncle, was 
developed later, and raised the two moieties above the disk. The exotentaeles remained simple 
throughout. 

The second cycle of mesenteries having appeared, another series of tentacle's protruded 
from the six additional exoemlie chambers, and with the primary exotentaeles formed an outer 
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cycle of twelve. Later, situated between the exoeuelic cycle and the primary entotentacles, the 
members of the second cycle of entotentneles begin to appear, as outgrowths from the entocades 
of the second cycle of mesenteries. 

Thus the exotentacles, whether belonging to the primary or secondary order, appeared 
before the entotentacles, and from the beginning they constituted the outer cycle, at first with 
six and later with twelve members. 

jr< Ay*—For about four weeks no increase beyond the six primary pairs of mesenteries 
took place, and the fifth and sixth pairs remained free from the stomodieum. Then a pair of 
mesenteries appeared within the dorsal exoeade on each side of the polyp. Their first indication 
was as two narrow lines along the column wall toward its aboral termination. These were 
followed by a pair in the right and left middle exocades, and later by a pair in each ventral 
exoeade. For several weeks the pairs remained of different magnitudes, corresponding with the 
order of their appearance from the dorsal to the ventral aspect (tig. 6, p. 45b). After the third 
month they began to extend across the disk, but, like the fifth and sixth pairs of protocnemes, 
never reached the stomodauim. 

(’omlhuit.— Three or four days after fixation, the skeleton was first observed in the form of 
six radiating septal upgrowths, practically equal in size, and situated within the six primary 
entoeades, about midway between the outer boundary and middle of the polyp. At the same 
time a narrow peripheral calcareous ring was formed, its outer surface uncovered by polvpal 
tissues, and undoubtedly to be regarded as the rpltheca. Macerations made later show the ring 
to be continuous with the haxul which very early made its appearance*. A day or two after 

the formation of the first cycle of entosepta, the six exoeadic members began to appear, in some 
cases simultaneously, but in others in successive bilateral pairs from the* dorsal to the ventral 
aspects (tig. 12, p. 4b2). 

During the* course of the third week other calcareous deposits took place, some appearing 
as angulated continuations of the primary septa, and others arising wholly independent. For 
two or three months the further development consisted mainly in the increase in size and com¬ 
plexity of the parts mentioned, the general impression being that of two cycles of septa, a larger 
and a smaller, having their peripheral extremity enlarged in a Y-shaped manner, but free from 
the epitheca. The columella was formed partly from independent upgrowths from the basal 
plate, and partly by centripetal extensions of the entosepta. 

On the establishment of the second cycle of mesenteries, which naturally corresponded in 
position with the primary exosepta, new calcareous formations appeared independently at the 
periphery of the ontocudes, and later fused with the primary exosepta already in the same 
radius. The peripheral angulations of the primary exosepta became new and independent 
exosepta, situated within the twelve exoeceles. The skeletal changes now going on were some¬ 
what obscure and complicated, but according to my interpretation they afford clear evidence 
that the. members of the second cycle of entosepta must be regarded as new formations, even 
though later they fuse with the remnants of the primary exosepta. The continuations of the 
primary exosepta remain exosepta, and for the time being constituted the third cycle of septa. 
A distinct dorso-ventrality was manifest in the development of the septa. 


